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The rate entrance fluid into the blood 
partment Physiology, School Medicine and Dentistry, The Univer- 
sity Rochester. 

Arterial blood was sampled brief and frequent intervals dogs that 
were anesthetized amytal urethane. Seven kinds analyses were 
employed measures concentration, three which were upon heparin- 
ized plasma. Rapid and severe bleeding was produced blood 
flow from cut artery. Arterial and venous pressures fell markedly, 
and were restored but very slowly after the bleeding had ceased. 

The corpuscular elements became concentrated 
was prevented, however, either excising the spleen previous the hem- 
orrhage working under urethane anesthesia which kept the spleen 
empty. 

The plasma was greatly diluted all hemorrhage experiments. The 
initial dilution began immediately and the average continued for min- 
utes, sometimes exceeding the duration bleeding. Thereafter very 
slow and continued dilution lasting over hour. The initial 
dilution may regarded measure the progressive increase plasma 
volume; show that mean per cent the plasma removed 
was restored this initial period. The mean rate dilution added 0.8 ce. 
per minute each 100 ce. plasma, which was equivalent entrance 
water into the blood from the tissues 0.25 per kilogram body 
weight per minute. 

test whether the viscera were essential furnishing this fluid the 
blood, the aorta and the vena cava were clamped above the diaphragm. 
Subsequent hemorrhage from the fore portion then produced only very 
small and slow dilution the plasma. 

believed that the lowered mean pressure the blood the 
laries the immediate factor that induces fluid enter the blood. The 
amount extravascular fluid available apparently very small skeletal 
portions the body. The dilution ceases when, believed, the effective 
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pressure the plasma reduced the added fluid certain 
new level that related the slightly restored mean capillary blood pres- 
sure. 


Hemoglobin-Ringer mammalian perfusion medium. W.R. AMBERSON, 
STEGGERDA (by invitation) and (by invitation). The 
Department Physiology, and the Department Microscopic Anatomy, 
College Medicine, University Tennessee, Memphis. 
introduced Amberson and (Journ. Cell. 

and Comp. Physiol., 1932, ii, 201) for the perfusion the salivary glands 
the cat, has now been successfully used several other mammalian per- 
fusion problems. This solution made adding washed hemolysed beef 
red blood cells ordinary Ringer-Locke. The hemoglobin solution ful- 
fills the dual function maintaining the colloidal osmotic pressure (hemo- 
globin per cent), and transporting the oxygen. 

find possible remove all but the last traces red blood cells from 
the whole animal (cat dog) continuous bleeding and introduction 
hemoglobin-Ringer. The total volume red cells from the whole body 
may directly determined. The heart beat and respiration continue for 
seven hours. Histological examination shows that the bone-marrow 
swept clear red cells when hemoglobin-Ringer amounting five times 
the original blood volume has been passed through the body, but the spleen 
holds some red cells for much longer time. 

The changes the blood cell picture during and after bleeding, the 
fibrinogen, and other blood constituents have been 

ollowed. 


Localized cortical management visual and labyrinthine placing reactions. 
Barp and Oscar (by invitation). Harvard Medical 
scnool. 

When cat very slowly lowered horizontally moved toward sup- 
porting surface the forelegs react place the feet for standing. This 
response, which occurs before contact made, not affected double 
labyrinthectomy, but permanently abolished enucleation the eyes. 
completely lost after any bilateral cortical ablation that includes the 
striate areas. Unlike the placing reactions occurring response cutane- 
ous and proprioceptive stimuli (Bard, Arch. Neurol. and Psychiat., 1932, 
xxviii, 745) remains after removal the sensorimotor cortical represen- 
tation the legs. Extensive bilateral ablations front the sylvian fis- 
sures not affect it. response dependent visual cortex and 
mediated extrapyramidal corticofugal fibers. The control predomi- 
nantly contralateral. 

When lowered, head down and little more rapidly than necessary 
evoke the visual response, cats with eyes enucleated show similar placing 
reaction. bilateral decortication double labyrinthectomy per- 
manently abolishes this response. quite distinct from the Sprung- 
bereitschaft Magnus which survives decortication. The labyrinthine 
reaction has the same cortical representation the other non-visual placing 
reactions. Bilateral removal rostral poles (frontal and sigmoid gyri) 
abolishes effectively complete decortication whereas extensive abla- 
tions anywhere behind the leg sensorimotor areas not affect it. After 
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unilateral decortication removal one rostral pole the reaction perma- 
nently absent the contralateral foreleg, but ipsolateral deficiency 
produced. When one entire cortex and only the rostral pole the other 
are ablated bilaterally equal defect follows. specific localization the 
cortical control was conclusively demonstrated finding that after extir- 
pation all cortex except fragment one side consisting frontal gyrus, 
sigmoid gyri and, incidentally, some portion the coronal gyrus, the reac- 
tion remains normal the contralateral foreleg. This constitutes further 
evidence that small cortical remnant may function normally. 


The feather germ test for thyroid Department 

Physiology, the University Chicago. 

the routine use brown leghorn for detecting the thyroid hor- 
mone, the birds are injected once three weeks. the time injection 
few feathers are plucked from the saddle region. New feathers grow 
and are about the proper age weeks. Four regions the saddle area 
are used rotation, the front and back portion either side. Three days 
after the injection has been found the most satisfactory time examine 
the young feathers. sufficiently large dose thyroid hormone has 
been administered, black line can seen the base the germ. The 
threshold dose thyroxine for group was determined 
injecting decreasing quantities. All birds gave positive response doses 
0.4 mgm. more thyroxine. About per cent responded 0.2 
Tests are being made see the reaction can used quantita- 
tively. 


Further studies the excretion iodine experimental hyperthyroidism. 
ology, the University Chicago. (Read title.) 

previous study was shown that after feeding desiccated thyroid, 
about half the iodine was excreted the urine while very little was pres- 
ent the bile. the other hand when thyroxine was injected, greater 
proportion the iodine was excreted the bile although some was present 
the urine. Leland and Foster showed that thyroxine could extracted 
have applied this method urine after feeding desic- 
cated thyroids injecting thyroxine and have found very little thyroxine 
the urine. Extraction bile collected after injecting thyroxine yielded 
about two-thirds the iodine the butyl aleohol. have found that 
when thyroglobulin injected intravenously, some the iodine excreted 
the urine while very little comes out through the bile. Splitting thyro- 
globulin into acid-soluble and acid-insoluble fractions and testing these 
fractions for iodine excretion after oral administration, that 
much greater percentage the iodine the acid-soluble fraction comes out 
the urine than when the acid-insoluble fraction administered. The 
nature the iodine the feces now being studied. 


Parathyroid tetany the albino and ALMA 
(by invitation). Department Physiology, The University Chicago. 
(Read title.) 

study some the factors tetany after removal the thyroids and 
parathyroids has been made large series rats. The influence age 
National Research Fellow. 


National Research Fellow. 
National Research Fellow. 
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has been studied 178 animals. The mortality groups 30, 50, and 
days age has been compared with adults. Marked variation occurs 
rats given age from time time, that large number must run 
justify any conclusions. The younger animals have been slightly more 
susceptible. Some the animals which the tetany was not fatal have 
been observed several times daily for long days after operation. 
Frequent attacks tetany may occur followed periods when the 
normal. Apparently the rat does not become adjusted the parathy- 
roid deficiency Luckhardt observed the dog after days. 
Many young rats die tetany about hours after removal the thyro- 


parathyroids. 


Hypophysectomized and pancreatectomized dog. Barnes and 
REGAN (by invitation). Department Physiology, The University 
Chicago. (Demonstration.) 

dog whose hypophysis was removed December 23, 1932, and whose 
pancreas was removed January 12, 1933, good condition the present 
date (Feb. His operative wound healed well and four 
ous infections have healed. The animal has normal tolerance for glucose. 
Unless dies before the meeting, will available for examination. 
Charts will shown. 


improved method measuring blood flow. (by invita- 
tion) and Department Physiology, University 

This apparatus was constructed suitable for use either the 


arterial venous systems. The operating pressure (back pressure) not 
over 5mm. The maximum error not over per cent. rela- 
tively inexpensive, simple operate and maintain. Figure shows the 
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wiring diagram and the construction the stromuhr and valve. the 
blood flows into the right side the stromuhr, and out the left side, 
the copper sulphate solution will close the circuit activating the relay, 
pull the armature up. The relay, directs current into the power 
relay, which activates solenoid (while the solenoid closed, the 
current flows through the pole changer, which reverses the direction the 
current will flow through relay when the electrodes are closed the 
next shift). This cycle repeated each time the predetermined amount 
blood flows through the stromuhr. T.P.D.T. switch which re- 
verses the direction the current and prevents deplating the electrode. 
(This should done the end each experiment.) The amount blood 
flowing per shift determined the amount the connecting 
arm Heparin used the anticoagulant. Fifteen milli- 
grams per kilogram plus the same amount constant injection per hour 
satisfactory. All tubes, ete., which come contact with blood should 
coated with paraffin-wax mixture which will not off readily, espe- 
cially where the bar the valve strikes. 


Electromyographic studies the gastro-intestinal tract: further inquiries into 
the origin potential variations the intestine means certain drugs. 
BERKSON (by invitation). Institute Experimental Medicine, 
The Mayo Clinic, Rochester, Minnesota. 

Previously has been reported that the regular potential variations 
which registered from excised segments the small intestine rab- 
bits, can altered relation the recorded mechanical movements 
means epinephrine and nicotine. Epinephrine inhibits the recorded 
muscular movements but leaves relatively unaffected the recorded rhyth- 
potential variations. Nicotine diminishes markedly the electrical 
manifestations, while the contractual movements are undimin- 
ished increased. This and other evidence was taken indicate that the 
observed electrical changes are not true muscle action currents, and the 
hypothesis was ventured that they had their origin rhythmie activity 
the nervous plexus. 

Here are presented experiments with other drugs which are taken sup- 
port this hypothesis. even relatively large doses, does not 
relax the intestine effectively does epinephrine, but the concomitant 
electrical changes are disturbed, usually appreciably least, and some- 
times violently. Atropine gives record almost identical with epinephrine, 
that is, the mechanical rhythm inhibited while the concomitant 
electrical variations are little any Curare applied large doses 
acts similarly nicotine. After initial relaxation, the mechanical 
movements return slow vigorous rhythm, while the electrical waves are 
diminished point where they are hardly visible. 

contended that the observed rhythmie potential variations were 
muscle action currents, ephedrine, which affects the recorded muscular 
movements less than epinephrine would also have lesser effect the 
concomitant electrical activity. the contrary the recorded effect 
epinephrine the electrical waves practically nil, while that ephe- 
drine marked, and this may explained ephe- 
drine. Atropine corroborates the evidence obtained with epinephrine. 
Curare known interfere with voluntary nervous action, and the dimi- 
nution the electrical waves following application this drug can 
accounted for the basis selective nervous action. 
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central injections chemical agents upon peripheral blood flow. 
THEODORE Department Physiology, University 
Michigan, Ann Arbor. 

Various chemical agents were injected into the vertebral arteries dogs. 
Mean blood pressure was artificially maintained constant level. 
Under these conditions continuous records were made respiratory move- 
ments and volume flow blood one extremity. 

Injection small amounts NaCN produced variable results. The 
effect most commonly observed was immediate decrease flow blood 
the extremity. The initial decreased flow was followed almost invari- 
ably flow above preinjection levels—usually relatively long duration. 
When the same small doses NaCN were injected intravenously, the effect 
was increased flow blood not preceded initial decreased flow. The 
general effects vertebral injections were unaltered changing from 
natural artificial ventilation section carotid sinus nerves and 
vagi. thought that the initial decreased flow results from the action 
NaCN directly upon centers the central nervous system. The later 
increased flow undoubtedly partly the result peripheral action 
nide upon the blood vessels the extremity. not direct central 
action also factor cannot determined from these experiments. 

Injection acid small amounts was followed decreased flow 
blood the extremities and increased respiratory movements. Under 
conditions artificial respiration recovery followed with little in- 
creased flow. With natural ventilation, the contrary, initial decreased 
flow was usually followed increased flow above pre-administration levels. 

Arterial blood containing high percentages was injected into the 
vertebral arteries normal pressures. Blood flow the extremities was 
sometimes diminished during the first part administration. Eventually, 
however, diminished flow gave way markedly increased flow, followed 
recovery upon resumption normal arterial flow through the verte- 
brals. Only natural ventilation was used these latter experiments. 

and methylene blue were also studied. 

all experiments respiratory changes were much more easily elicited 
than were changes volume flow. 


Cholesterol feeding and liver fat. and (by 
invitation). School Hygiene, University Toronto. 

The results other workers have indicated that the amount fat the 
liver rabbits, rats, and other mammals, increased when cholestero! 
added diet which when fed alone does not produce definite increase 
fat. One hundred milligrams cholesterol are adequate pro- 
duce this effect when administered daily the white rat which receiving 
mixed grain diet plus per cent fat. (Iodine The increase 
liver fat attributable the cholesterol prevented when choline 
betaine also included the diet. The amount choline betaine 
necessary prevent this fatty change apparently greater than that re- 
quired inhibit the deposition liver fat which accompanies the ingestion 
diets containing per cent beef tallow and added cholesterol. 


Donnan equilibrium between nucleus and cytoplasm; the importance this 
equilibrium for drug resorption. (by invita- 
tion) and (by invitation). The School Medicine, 
University Louisville, Louisville, Ky. 

Chambers found: That the content living cell nucleus more 
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alkaline than the cytoplasm which contact with the other side the 
nuclearmembrane. That acid dye, when injected micro pipette 
into the cytoplasm, diffuses into the nucleus, and piles there higher 
concentration. 

known that more alkaline solution can equilibrium with 
acid one separated from membrane, Donnan equilibrium estab- 
lished the addition non-penetrating electrolyte the one side 
the membrane. This can done pouring mixture 
gelatin parchment shell and placing this shell pure HC! 
solution. After sufficient standing the inside will greater than out- 
side (in analogy the greater the cell nucleus). The question 
arises whether acid dye, when added the gelatin HCl system de- 
scribed, will accumulate inside the shell, just the cell 
nucleus. 

expected from the theory, our experiments have shown that this 
parchment shell, place this 1/1000 HCl and add acid dye such 
aurantia, naphthol yellow chlorphenol red. 

After standing for some days weeks the dye will found accumu- 
late inside, can measured colorimeter. (To accelerate the proc- 
ess the dye may added both inside and outside the shell, but the experi- 
ment can also performed adding the dye only outside.) 

Since drugs resemble dyes, far penetration concerned, these experi- 
ments are importance also for drug resorption. kind membrane 
equilibrium known exist between the colloidal 
lytes—, into which the drug injected, and the tissue fluid the other 


side the capillary membrane (van Slyke). Hence the resorption drugs 
must depend conditions similar the ones described here. 


The relation forced grasping and groping the righting refleres. 
(by invitation) and The Laboratory Physi- 
ology, Yale University. 

destruction the premotor area (area Brodmann) monkeys 
the symptom involuntary forced grasping appears, was first proved 
experimentally year ago Richter and Hines 1932, ci, 
87). grasping disappears within few days but can made 
return both sides after removal area the opposite side (Richter 
and Hines). becomes permanently elicitable all four extremities 
monkeys after bilateral destruction motor and premotor areas, and 
(Fulton, Jacobsen and Kennard: Brain, such bilateral 
preparations have found that the presence forced grasping and grop- 
ing any given extremity varies with the animal’s position space. 
When lying its left side only the right extremities show grasping and 
groping marked form, and the reflex can inhibited these extremities 
applying pressure from above, the right side the body. When 
the animal erect, the spinal column vertical, grasping and 
groping are present all four extremities; when the animal lies its back 
the extremities become extended (labyrinthine reflex), and forced grasping 
and groping become minimal disappear altogether. conclude from 
this that forced grasping and groping are the counterparts primates 
the more simple rhythmic movements seen thalamic cats and dogs 
when attempting right themselves, and that grasping such 
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regarded part the righting reflex mechanism peculiar primates 
(see Fulton and Kennard, these Proceedings). 


The stimulation the sciatic nerve the frog means condenser charges. 
(by invitation). University Rochester Medical School. 
Using mica condenser good quality, data have been obtained for the 

voltage-capacity relations for the stimulation the sciatic nerve the frog 

the charging current. The data conform very well the relation 
1 — erk 
V/R crk 

where the applied voltage, the rheobase, the capacity the con- 
denser, the resistance the and constant (Journ. Gen. Physiol., 
xv, relation obeyed equally well with the tissue sus- 
pended air non polarizable wire electrodes fluid electrodes 
immersed fluid trough. Adding series resistance alters although 
the equation equally well obeyed this case and that which the tissue 
isshunted. The conditions under which the value from direct current 
data (Journ. Gen. Physiol., xv, 709; xvi, 165) shall the same that from 
condenser data have been partially investigated. 


ERLANGER. Department Physiology, Washington University 
School Medicine, St. Louis, Mo. 

employing very long nerves containing the lead only few fibers, 
and very high amplification, possible record with the cathode ray 
oscillograph, and identify, the responses individual axons. Through 
this method have correlated the conduction rates the constituent 
fibers excised nerve pipiens) with their irritabilities. Curves, 
roughly hyperbolic form, express the relation the relative voltage 
threshold induction shocks, voltage and the voltage 
denser charges any given duration the conduction rate, the slower 
fibers having the higher thresholds. The points may distribute themselves 
somewhat irregularly about the smoothed curves but, though there may 
gaps, there are consistent discontinuities. any nerve the time- 
strength curves form continuous series, those the fastest fibers being 
closest the axes. The curves are similar configuration but not identi- 
eal. Judging all these criteria the fibers nerve seem obey one 
law. 

Typically one finds for the fastest fibers nerve, say m.p.s., chron- 
axies say 0.3 Chronaxies then shorten gradually about 0.2 
conduction rates about m.p.s. then increase, slowly first, 
and then more and more rapidly, values about for the slowest 
the fibers (under m.p.s.). The results fail support the law in- 
verse proportionality between velocity and chronaxie. 


The relationship epinephrine muscle and liver glycogen. 
The Department Pharmacology, University and Bellevue Hospital 
Medical College, New York City. 

The work which reported here was out dogs which were either 
well fed fasted for different lengths time. Muscle and liver samples 
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were taken the beginning and the end the experiment for glycogen 
determinations under local anesthesia after preliminary injection 
small amount morphine. During the course the usual hour experi- 
ments, blood samples were taken hourly intervals for sugar and lactate 
determinations. Adrenalin was injected intramuscularly amounts 
mgm./kgm. b.w. single injection repeatedly injected 
some experiments. result these injections there occurred de- 
crease muscle glycogen irrespective whether the animals were fed 

the liver, however, there occurred increase liver glycogen only 
the animals fasted for 6-14 days, but definite decrease the fed animals 
following the injection the same amount adrenalin. 

These results supplement our earlier work the effects acid 
liver glycogen, where also increase decrease liver glycogen occurred 
following the administration acid fasted fed animals, respec- 
tively. 

inquiry into the relationship between the lactic acid and the epi- 
nephrine effects progress. 


Contribution the histophysiology the pancreas. Effect insulin 
acinar tissue. (by invitation). Battle Creek 
Sanitarium. 

The existence relationship between the secretory function the pan- 
creas and the metabolism carbohydrates has been previously demon- 
strated the author. has also established that insulin 
strong vagus stimulant, and potent secretagogue for gastric glands. 
Therefore probable that the hypoglycemia induced insulin in- 
timately associated with the stimulation the secretory function the 
pancreas. Insulin might expected have secretagogue effect the 
pancreas due to: vagus stimulation secretion, secretin 
stimulation the result prolonged secretion, through 
bined action the named factors. correctness such supposition 
was verified experimentally and the changes which took place the acinus 
cells following insulin stimulation were briefly described the author 
report presented the XIV International Congress. 

series observations was carried out group verte- 
brates consisting reptiles, birds and mammals. Crystalline and com- 
mercial varieties insulin were used large dosages resulting appre- 
ciable hypoglycemia. 

distinet difference was found between the appearance the pancreatic 
acini the control animals and animals treated with insulin. The changes 
were present fatal cases well still living animals. These heretofore 
unknown changes are very pronounced and characteristic. The acini be- 
come distended, sometimes markedly that lumina can seen, the 
inner zone the secretory cells becomes narrower, the outer zone appears 
more sharply differentiated, and the zymogen granules decrease size and 
number. The islands Langerhans remain unchanged. 


The acidity gastric juice. Factors determining and the history the 
problem. (by invitation). Creek Sanitarium. 
These are the important steps toward study factors determining the 

degree acidity the gastric juice: 
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Discovery HCl the gastric juice. fistula (natural 
juice). Isolated stomach (pure juice). Observations partial 
neutralization HCl its mucus. Observations neutralization 
gastric juice alkaline pancreatic juice, regurgitated into the 
stomach. 

Gastric juice always secreted with permanent, high degree acidity, 
about 0.5 per cent HCl. This acidity partly bound gastric mucus, 
which adsorbs more than neutralizes. But the chief factor the low- 
ering acidity the pancreatic juice, regurgitated from duodenum, 
shown our old and new experiments dogs with fistulae the whole 
stomach and isolated Pavlov’s pouch; repeated introductions 
lactic acid found that the first the acidity decreased three four 
times and the second there significant neutralization acidity. 
With acid the whole stomach NaCl (which found the pan- 
creatic juice) gradually increases there, although secretion 
absent. 

Our data explain the difference acidity the whole stomach and 
the isolated pouch animals, and people; the whole stomach usually 
equal 0.15 per cent and the isolated pouch 0.5 per cent 

Further these data, together with those Heidenhain and Pavlov, show 
that the hyperacidity physiologically impossible, and that there can only 

1904 Dr. Boldyreff first used repeated titration gastrie con- 
tents every and minutes during several hours, which helped 
establish with better exactitude all main causes, influencing the acidity 
the juice, and led the introduction into the clinical practice 
fractional method testing the gastric contents this 
country Hawk, Rehfuss and others. 


Conditions influencing the conductivity frog nerve low temperatures. 
Boyp and Ets. Loyola University School Medicine, 
Chicago. 

Sciatic nerves from winter pipiens, locally cooled, usually block only 
when frozen. others have shown, supercooling degrees below 
zero Conduction such cases blocked only after the actual 
formation ice, and because the release latent heat the temperature 
this time may several degrees above the minimum reached. 

Nerves freshly excised, kept moist chamber, may show rapidly 
reversible block temperatures above freezing. they are kept 
paraffin oil, the blocking temperature rises progressively until finally the 
nerves are inexcitable room temperature. Turtle nerves and 
median) behave similarly. The block temperatures above freezing 
resembles several respects the inexcitable state muscle described 
Duliere and Horton. not due drying, and lack oxygen, though 
perhaps factor, does not alone produce like condition. Nerves display- 
ing it, whether spontaneously from treatment with oil, will after soaking 
for time Ringer’s solution conduct until frozen. Preliminary soaking 
Ringer will delay prevent the effect subsequent treatment with 
paraffin oil. The action aleohol-Ringer, cocaine, does not 
vary with temperature the same degree. The effect potassium salts 
discussed another paper. 
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Species differences the reactions the mammalian gall 

Recently, DuBois and Hunt (Anat. liv, 293) detailed 
tive study cats and opossums have shown that opossums there 
very little emptying the gall bladder after meal and that 
cats there average initial delay minutes before the first effec- 
tive phase contraction gets under way. Yet the first minutes the 
human gall bladder discharges least two-thirds its contents (Anat. 
Rec., xl, the gall bladder has been studied chiefly 
iodized oil methods, one might attribute its less rapid emptying opera- 
tive trauma. Recently, however, several rhesus monkeys were subjected 
the same technique (also the Graham method visualization) and 
found evacuate bile approximately the same rate man 
Soe. Exp. Biol. and Med., xxix, striking species difference 
function therefore established between these primates and such carni- 
vores cats and dogs. 

When electrodes are sewed the wall the intestinal tract cats, 
stimulation any segment the gut abruptly inhibits the evacu- 
ation bile, the gall bladder discharging under the influence food 
(This Journal, xcii, now, the same technique monkeys, 
little any effect the gall bladder can demonstrated. 
observations man seem show that the human gall bladder reacts like 
that monkeys; for four students, visualized the Graham method, 
the gall bladder continued discharge its contents without interruption 
when stomach duodenum was stimulated electrically through Rehfuss 
tube during the first minutes after Likewise, preliminary 
studies patients with gastric ulcer indicate that evacuation the 
human gall bladder not retarded this form splanchnic irritation. 

The question therefore raised whether the primate gall bladder 
not largely emancipated from inhibitory reflexes originating the gut tract, 
unless except its reaction acute visceral pain which has yet 
investigated. 


Influence adrenalin the resting heat production isolated skeletal muscle. 
The Johnson Foundation, University Pennsylvania. 
Adrenalin, 1:2,060,000, produces considerable increase the anaerobic 

resting heat production the frog sartorius. This not due weak 
contraction the muscle. The effect reversed washing with Ringer 
solution. Adrenalin produces, under the same conditions, increase 
the response single stimuli. Stimulation the sympathetic trunk also 
produces increase the resting heat production. 


Carbohydrate versus circulatory theories cortico-adrenal function. 

Physiological Laboratory the University Virginia. 

theory cortico-adrenal function has recently appeared. 
The carbohydrate hypothesis was advanced about year ago from this 
Laboratory. Further evidence strongly supports our earlier work. 

Measures which ordinarily produce hyperglycemia normal animals 
not adrenalectomized animals. Adrenalin, anesthesia, emo- 
tional excitation and other procedures affect the blood sugar levels scarcely 
all adrenal insufficiency. Carbohydrate mobilization impossible; 
glycogen reserves are present the liver. Cortico-adrenal extract 
readily restores normal carbohydrate metabolism. 
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Animals dying adrenal insufficiency show convulsive seizures some 
hours before death identical type with those observed insulin hypogly- 
cemia. Animals dying with severely low blood volume after hemorrhage 
not show similar convulsions. 

Injections saline and gum-saline solutions readily restore the blood 
volume adrenalectomized animals but not ameliorate the symptoms 
insufficiency prolong life. Glucose injections alleviate the symptoms 
rapidly and significantly, and increase the survival period. 

The adrenalectomized animal hydrated animal. Abnormal 
amounts water are held the liver and muscle tissues. The blood vol- 
ume low, however, and anhydremia marked. Fluid accessions the 
liver and muscle nevertheless more than balance the loss fluid the 
blood adrenal insufficiency. One the earliest effects cortico- 
adrenal extract eliminate fluid from the body producing diuresis. 

has been sought the chemical conditions and 
changes adrenal insufficiency which are antecedent the altered perme- 
ability the vascular membranes. Breakdown the normal 
processes appears the primary critical contingency 
adrenalectomy. 


Effects adrenalectomy and cortico-adrenal extract 
and (by invitation). Physiological Laboratory 
the University Virginia Medical School. (Read title.) 

Studies have been made the albino rat the effects adrenalectomy, 
and cortico-adrenal extract administration pregnancy and reproduc- 
tive ability. Both male and female animals show reduced fertility after 
both adrenals are removed. Adrenalectomized females may reproduce and 
rear normal litters. all which fertility persists after adrenal 
excision, however, accessory glands are found present. several 
cases, injections cortico-adrenal extract have induced labor and ter- 
minated pregnancy unoperated animals. 


Maternal and fetal carbohydrate relationships the opossum (Didelphys 
ological Laboratory the University Virginia Medical School. (Read 
title.) 

Blood glucose, liver and muscle glycogen, and acid levels have 
been studied fetal and young and adult opossums under different 
conditions. the fetal opossum the glycogen levels are commonly 
somewhat lower than the mother. Muscle glycogen levels are defi- 
nitely higher suckling opossums. Observations have also been made 
insulin and temperature effects. 


Cardiovascular response postural change. Its relationship contraction 
the abdominal musculature. BroGpon and 
HELLEBRANDT (by invitation). University Wisconsin. (Read 
title.) 

The purpose this study was threefold: examine the effect passive 
postural change the circulation, determine what extent the response 
the system might influenced voluntary tightening 

the musculature the abdominal wall, and consider the relationship 

between abdominal strength and the character the cardiovascular 
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response. Seventy-five athletically trained young women were examined 
Blood pressure and heart rate determinations were made with the subject 
stabilized the position tilting board. The board was 
twice brought the vertical, the subject first being instructed remair 
completely relaxed, the second time maintaining firm abdominal con- 
traction the position was altered. Readings were obtained within 
seconds. Abdominal strength was measured maximum pull applied 
through yoke placed the level the costal angle and exerted 
spring scale fixed behind the upright tilting board. The subject was 
immobilized the hips and tilted backwards slightly counteract the 
effects gravity acting with the pull. 

The majority the subjects exhibited rise diastolic pressure and 
drop pressure upon both changes the upright posture. When 
abdominal contraction was maintained the rise diastolic pressure 
more and the average rise was somewhat greater than 
when the subjects remained relaxed. The systolic readings during the 
abdominal contraction also showed larger number the group manifest- 
ing maintaining their recumbent systolic pressure. The heart 
rate was uniformly augmented and relatively greater extent when 
the abdominal tonus was increased. has yet been found 
between strength the abdominal muscles and the ability combat 
the gravity upon the circulation. 


The nervous regulation the respiratory movements intercostal muscles. 
Bronk and (by invitation). The Johnson 
Foundation, University Pennsylvania. 

Impulses single nerve fibres the internal and external intercostal 
muscles decerebrate cats have been recorded means two vacuum 
tube amplifiers and oscillographs. The fibres the external intercostal 
muscles, except the interchondral portion, discharge during inspiration; 
the internal intercostal muscles, during expiration. 

order study the activity the cells the respiratory center 
uninfluenced afferent impulses, the discharges have been followed after 
curarization and section the vagi. stopping the respiration pump, 
rhythmie discharges develop that are alternating spite the absence 
afferent influences. The two sets fibers not discharge simultane- 
ously except the later stages asphyxia when continuous trains 
impulses may found both nerves. The response single nerve 
cells varying degrees asphyxia has been investigated determining 
the impulse frequency the single nerve fibres. The frequency increases 
with the duration the asphyxia value 150 more per second after 
which the discharge becomes irregular. 


The occurrence guanidine contributory factor parathyroid tetany 
TAIN (by invitation). Departments Physiology and Pediatrics, 
Vanderbilt University School Medicine, Nashville, Tenn. 

Previous investigations this laboratory have shown that significant 
increases guanidine concentration occur frequently but inconstantly 
the blood dogs during the tetany which follows parathyroidectomy. 
the present paper these inconstant results have been correlated with, and 
explained the basis of, varying degrees dehydration. Dehydration 
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occurs frequently especially hot weather, following parathyroidectomy. 
This due part the failure experimental subjects take, retain, 
adequate amounts water and also increased fluid loss resulting from 
panting and salivation. Experiments have been carried out which 
parathyroidectomized and normal control dogs were kept different 
environmental temperatures and were given varying amounts fluid. 
The results show that when water withheld from subjects kept high 
environmental temperatures considerable increases guanidine occur 
the blood both parathyroidectomized and control animals; when water 
withheld lower environmental temperatures this increase less 
marked. contrast these findings when adequate fluid intake 
insured the parenteral administration fluid there increase 
guanidine the blood either normal parathyroidectomized dogs even 
when they are exposed high temperatures. 

These experiments indicate that parathyroid deficiency itself has 
effect the guanidine level the blood; that dehydration impor- 
tant factor determining whether not hyperguanidinemia will occur 
following the removal the parathyroid glands, and that increases 
guanidine when they occur shorten the time onset and increase the 
severity tetany was expected from the known antagonism be- 
tween the action guanidine bases and calcium salts. 


Electrical excitability the premotor area the corter monkeys corre- 
lated with cytoarchitecture. Bucy (by invitation). Laboratory 
Physiology, Yale University. 

monkeys (Pithecus (Macacus) rhesus), under ether anesthesia, fara- 
stimulation the premotor cortex (area Brodmann) elicits motor 
responses the contralateral extremities. These responses are two 
types: single sustained contractions small groups muscles, particu- 
larly the distal parts the extremity, and more complex synergic 
movements, times rhythmic, which involve chiefly the proximal portion 
the limb. The synergic movements may involve one both extremi- 
ties and sometimes include the tail. Occasionally definite movements 
the ipsilateral lower extremity occur response stimulation the 
superior part the premotor area. Sustained responses may evoked 
from points the posterior part area directly anterior points giving 
identical responses, lower threshold from the motor cortex (area 4). 
Owing the difference threshold the boundary between areas and 
readily demonstrable stimulation and corresponds accurately with 
the anterior limit area determined microscopical examination 
stain). superficial incision separating areas and destreys the 
excitability area for the isolated sustained response. The second 
type response (complex synergic movements) can elicited from 
much larger portion area and has much higher threshold Foerster 
has found man (Lancet, 1931, 309). This response not de- 
stroyed incision separating areas and and can some cases 
elicited after area has been extirpated. The difficulty obtaining 
other cases may due too deep extirpation area destroying the 
direct projections area although this point has not yet been deter- 
mined. Results similar the above, except for the production ipsi- 
lateral movements, have been obtained two chimpanzees and three 
baboons. 
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concluded that the first type response mediated superficial 
transcortical fibers the motor cortex, and thence the final common 
path way the pyramidal tract, and that the second type probably 
evoked through extra-pyramidal pathways from the cortex with yet 
unknown connections. This may also true the ipsilateral movement. 


The effect Loeb’s anterior pituitary extract upon the basal metabolism 
Physiology, the University Chicago. 

Six normal and one completely thyroidectomized dogs were injected 
daily for days with Loeb’s anterior pituitary extract. the 
normal animals rise basal metabolism which reached peak 
about per cent above normal the fourth fifth day. Other 
changes observed include increased respiration, increased heart rate, thirst, 
polyuria, and slight rise body temperature two the symp- 
toms disappeared about five days after the last injection. None the 
above changes were noted the thyroidectomized animal. These exper- 
iments are harmony with the view Loeb and others that substance 
the anterior pituitary cattle which stimulates the thyroid 
gland. 


ment Physiology, University Oregon Medical School. 

The segment the dog’s colon receiving its circulation from the right 
colic artery was used. While there some variation usually suffi- 
cient length permit making closed loop em. long. The mesentery 
this point long enough allow the loop attached the peri- 
toneum the body wall the left side the mid-line. The free ends 
the colon were united end end anastomosis. 

The procedure was similar that previously described for studying 
absorption sugars from loops small intestine. When ce. 
per cent glucose solution were injected approximately 0.7 gram was ab- 
sorbed one hour. Experiments with isotonic solution per cent) 
showed direct increase the amount absorption with increase time 
exposure. While the absorption this level less than that found for 
loops small intestine, the results indicate that the dog’s colon can ab- 
sorb glucose fair rate. 


new technique for the measurement average skin temperature and its use 
studies heat regulation the body. Burton (by invita- 
tion). The Department Vital University Rochester, 
Rochester, 

Skin temperatures have been measured usually the use thermo- 
couples applied individual points the surface the body. method 
has been devised whereby the average temperature over extended area 
such that the trunk may measured directly and continuously 
recorded. 

Instead thermocouple, resistance thermometer used. Some 
fifty feet fine insulated wire nickel, which has high temperature 
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coefficient resistance, attached sewing the inner side cloth 
gauze jacket that fits closely around the trunk the subject that the 
wire held contact with the skin. The resistance formed bal- 
anced Wheatstone bridge against the resistance coil similarly 
constructed but frame which placed the room near the subject. 
The deflection the galvanometer, which may the recording type, 
gives the “excess between the average skin temperature 
the trunk and that the surrounding air. 

Experiments with kathathermometer, the bulb which electrically 
maintained body temperatures, showed that the loss heat convec- 
tion, radiation and conduction was closely proportional this excess tem- 
perature and almost independent the humidity. The excess tempera- 
ture therefore serves index the heat elimination these routes. 

Application the method subjects given nirvanol fever showed 
considerable rise excess temperature during and after the height the 
fever. exercise normal subjects there immediate and rapid 
rise skin temperature until the onset sweating which produces cool- 
ing. study heat regulation being made observations the 
skin temperature and excess temperature different surrounding tem- 
peratures. the extremes the range these experiments the skin 
temperatures which sweating and shivering occur are being measured. 
The method adapted show changes peripheral circulation with 
minimum disturbance the patient. 


Blood volume regulation and blood composition experimental hydremia. 
(by invitation), ARTHUR and LAFAYETTE 
The Laboratory Physiological Chemistry, Yale Uni- 
versity, and the Department Biochemistry, University Missouri. 
study has been made the changes blood volume and blood com- 

position following experimentally produced hydremia. Dogs were used 
experimental animals. volume sodium chloride solution 
equivalent the blood volume was injected into the femoral 
vein less than five minutes. The composition blood samples drawn 
thereafter were compared the composition normal pre-injection 
samples. 

the early stages the experiments hemoglobin percentages indi- 
cated higher relative blood volumes than did the concentrations other 
whole blood and plasma constituents. The differences were especially 
marked the case plasma figures. Chloride concentrations indicated 
rapid removal the injected chloride, faster rate than water, 
time when the urine excreted accounted for less than ten per cent the 
total fluid and chloride injected. Later the experiments the chloride 
current was reversed and excess chloride was present the blood 
time when hemoglobin concentrations indicated relatively complete 
volume and constituent equilibration. return pre-injection levels 
was more nearly complete those experiments where urinary excretion 
was high. general, the first urine voided after injection represented 
larger excretion water than chloride, while the final percentage 
excretion injected chloride was usually higher than injected water. 
When this was not true the plasma was very dilute the end the exper- 
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imental period (four hours). These phenomena are indicative the pres- 
ence transient edema the experimental animals. 

majority the experiments evidence dilution the blood was 
observable the plasma time when whole blood constituents would 
indicate relatively complete volume equilibration. was found that 
this very largely disappeared experiments splenecto- 
mised animals. Hemoglobin, however, was used the least variable 
the blood constituents basis for the comparison the present experi- 
mental results. 

The plasma may act water depot for long four hours following 
injection under the present experimental conditions. 


The effect muscular exercise the disappearance ethyl alcohol man. 
THORNE LEE (by invitation) and 
(by invitation). Nutrition Laboratory the Carnegie Insti- 
tution Washington, Boston, Massachusetts. 

The effect muscular exercise the metabolism and the disappearance 
ethyl man was determined measurements the respira- 
tory exchange and the alcohol expired air, urine, and blood. With 
the helmet open-circuit respiration apparatus metabolism measurements 
were made with the subject rest, during muscular exercise, and during 
recovery from exercise, both control days and days immediately 
after the subject had ingested and respectively, absolute 
water equalling total volume 250 The exercise con- 
sisted riding bicycle ergometer one-half hour 550 kgm. per min- 
ute, hour and hours 275 kgm. per minute, and hours 415 kgm. 
per minute. Every experiment had total duration hours, whether 
the subject was rest, working, recovering from 
tions were made the amount alcohol the air current leaving the 
helmet and the amount the total volume urine voided 
during each experiment. special series observations the 
the blood was determined one, two, and four hours after the ingestion 
rest and experiment with two hours work. The 
results show all four criteria that muscular exercise had significant 
effect the disappearance ethyl aleohol from the body. The amount 
aleohol eliminated the expired air during muscular work and the 
urine during rest during muscular work played relatively little 
factor the disappearance aleohol. The metabolism 
the human body independent activity and proceeds uniform 
rate, whether the individual rest performing muscular exercise. 


The recovery heat after muscle twitch and short tetanus. 

CaTTELL. Cornell University Medical College, New York City. 

the sartorius muscle the frog determinations have been made 
the recovery heat oxygen relation the initial heat for short tet- 
anus and for one two twitches the same muscle. The ratio the 
delayed heat the initial heat averages about 1.1 the case twitch, 
while one second tetanus this ratio increases about 1.6. similar 
difference has been observed for mammalian muscle (Cattell and Shorr). 
The value the delayed heat found single twitch agrees closely with 
the measurements Hill made from series more twitches. 
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therefore unlikely that the higher values observed for the delayed heat 
after tetanus are related the greater initial heat production but are 
probably associated with the difference the character the response. 
This consistent with recent work (see Cattell and Lundsgaard) indi- 
cating that there change the efficiency muscular contraction 
apparently related known differences muscle chemistry. 


The bactericidal action intense audible sound. CHAMBERS 
(by invitation). The Johnson Foundation, University Pennsylvania. 
The present investigation devoted analysis the mechanism 

involved the sterilization milk and other fluids with intense sound 

the frequency range: 1200-9000 cycles per second. Experimental 
evidence obtained from three sources: direct observation the effect 
organisms various sizes and types; studies the acceleration 
reductions, oxidations, denaturations and hydrolyses various chemical 
systems; theoretical consideration the amount surface energy avail- 
able fluids sonically cavitated. shown that sufficient free surface 
energy provided cavitation account for the various reactions. 

Furthermore, all the reactions may duplicated systems not radiated 

sufficient surface energy provided otherwise, e.g., shaking with air. 

tentative hypothesis the bactericidal mechanism, therefore, involves 

the action extremely energetic, but evanescent, vacuolar surfaces, 

adsorption the organisms and subsequent denaturation their proteins. 

Such action may may not followed fragmentation the bacteria. 


The oxidation glucose after fasting. CHAMBERS and Mar- 
GARET (by invitation). Cornell University Medical College, 
New York City. 

experiments reported previously was found that the administra- 
tion almost 400 grams glucose alone during period days failed 
restore the normal carbohydrate metabolism dogs which had been 
fasted for weeks. Complete recovery was attained the ingestion 
standard diet containing cracker meal, beef heart, and lard, but not 
with beef heart alone. Therefore studies have been made the restora- 
tive value, compared with glucose, cracker meal (wheat flour), mal- 
tose, wheat germ extract containing dextrins and maltose, and yeast ex- 
tract. improvement the ability the fasted animal oxidize 
carbohydrate was determined the rise R.Q. during the 2nd, 3rd and 
4th hours following test meal glucose given hours after the 
food material studied. The average non-protein quotients the test 
meals after grams glucose, grams maltose, grams wheat 
germ extract, and grams cracker meal were, respectively, 0.85, 0.88, 
0.91, and 0.97. may significant that the height the R.Q. was 
according the order size the carbohydrate molecule, i.e., from 
monosaccharide starch. Fifty grams cracker meal were more effec- 
tive than 400 grams glucose than injection units insulin 
per kilo. After grams yeast extract the oxidation glucose was 
greater than after units insulin, and the effect the yeast extract 
and insulin was additive. The vitamin complex was probably not 

factor, since the results with yeast concentrate, wheat germ 

extract, and cracker meal were not proportion their vitamin content. 
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Treatment experimental alcohol poisoning dogs. (by 
invitation) and The Laboratory Pathological Chem- 
istry the University Hospitals, the State University Iowa. 

Dogs were given aleohol mouth, grams per kilogram 
body weight the first and third and the fifth day (if alive) the 
experiment. This dosage was fatal the control 
ment was started hours after the first administration the aleohol and 
continued until death recovery the animals. Sodium bicarbonate 
sufficient amounts maintain normal acid-base balance was ineffective 
was the repeated administration glucose alone. two dogs given 
both sodium bicarbonate and glucose, one barely survived. combined 
therapy with sodium bicarbonate, insulin, and glucose seems successful, 
the five dogs treated recovering completely two days after the third 
dose the Blood chemistry changes and formate excretion 
the urine are included the experimental data. The problem was sug- 
gested earlier experience with mild who developed pro- 
found acidosis following the ingestion bootleg liquor. 


Evidence relating the removal extravascular substances without the agency 
University Pennsylvania. 

the transparent double-walled chambers introduced 
into the rabbit’s ear has been found possible see with the higher 
powers the microscope all the and blood present 
the entire area, and watch the growth the lymphatics into the 
chamber. found that there are differences the relative time which 
invade the chamber. some cases they grow with the 
blood vessels, but others they not grow until several weeks after 
the chamber has become fully blood vessels and connective 
tissue. The latter have furnished opportunity make observations 
the absorption substances the absence follows. 
During the ingrowth blood vessels and fibroblasts, which takes from 
weeks, the central portion always filled with extravasated erythro- 
cytes, leucocytes, fibrin and blood plasma, many the leukocytes and 
erythrocytes pieces. This central mass completely walled 
new growing tissue which fills the chamber from top bottom, permit- 
ting spite the absence lymphatics, and with outlet 
except way the blood the central mass clears rapidly, 
erythrocytes and debris disappear, and the space eventually 
occupied tissue made chiefly blood capillaries and connective 
tissue. While macrophages phagocytize some the dead cells, the 
amount material removed much greater than can accounted for 
their activity. Whether the proteid substances from the plasma and 
from the destroyed cells are converted proteolytic enzymes into com- 
pounds absorbable blood capillaries whether they are removed 
some other way certain that they are removed from the tissue space 
and that they must leave way the blood capillaries and not way 
the lymphatie 


The contraction arterioles various sizes and the passivity venules and 
son (by invitation). University Pennsylvania. (Demonstration.) 

Motion pictures have been made the original vessels with their nerve 
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supply intact, seen transparent double-walled chambers permanently 
installed the rabbit’s ear. show active contractions arteries, 
arterioles and arterio-venous anastomoses, and the absence active con- 
traction capillaries and venules—thus adding evidence previously pre- 
sented that the control the peripheral circulation the rabbit’s ear 
resides the former, while the capillaries and venules are passive. 

The pictures further show the time consumed the contraction 
arterioles and arterio-venous anastomoses various sizes, the both 
contractions which occur spontaneously and those which follow dis- 
turbance the animal loud noise punching. Arterio-venous 
anastomoses with inside diameters 0.015 0.020 mm. contract 
approximately second, while the contraction arterioles from 0.020 
0.4 mm. inside diameter consumes amount time varying from 
second the smaller seconds the larger. 


The effect the albino rat diet inadequate mineral salts: ability 
recover body proportions after period suppressed growth. 
CLARKE (by invitation) and The Department 
Physiological Chemistry, Yale University, New Haven. (Read 
title.) 

TABLE 

Growth during realimentation low-salt period, compared with growth normal 

unretarded controls 


REALI- REALIMENTA- REALIMENTA- REALIMENTA- 

MENTATION TION TION TION 
| 
| 


| 

ce | Con- | Con- | Con- Con- 
LS.* | L.S.* | L.S.* | trol** L.s.* trol** 


Body weight (grams)......... 164 
Increase weight over pre- 
ceding period 


278 399 307 411 


Difference _weight be- 
tween experimental and 


| 
control groups 182 134 121 104 
Per cent difference (con- 
trol weight equals 100).. 


rats, Low salt. 
rats, Controls. 


The restriction growth young rats brought about deficiency 
mineral salts the ration, offers opportunity investigate the 
disputed question the ability animals recover completely after 
long-continued retardation. the present experiment rats five weeks 
old, weighing 100 grams, were given diet extremely poor mineral 
constituents. After weeks this diet, they weighed 164 grams, 
whereas normal unretarded controls weighed 346 grams. this time the 
experimental animals were given diet (ad lib.) containing adequate salt 
mixture. Rapid growth ensued, the average weekly increments for the 
first four weeks after realimentation being 32, 18, and grams re- 

The differences between the realimented rats and their con- 
ages during period weeks are represented 
the table. 
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growth was characteristic the animals the low-salt 
group, due the persistent skeletal development while increase body 
weight was completely inhibited. Measurements body length and 
femur length and width, animals sacrified intervals during the reali- 
mentation period, indicate partial, but means complete, recovery 
body proportions. Thus the realimented animals were per cent 
shorter than the controls the end weeks’ realimentation 
period, and that time were growing length more slowly than the 
controls. 

The data indicate that the experimental rats were unable retain the 
ability grow rapidly enough overtake the unretarded controls 
weight and body proportions, once the diet had been made adequate. 

has been suggested that under the experimental conditions imposed 
the constituents the bone are sacrificed maintain the chemical in- 
tegrity body fluids. result, irreversible changes the structure 
and chemical composition the bone may take place, thus limiting the 
latent capacity grow, possibility which being investigated. 


The output epinephrin from the adrenal glands during anaphylactic shock. 
The Laboratory Experimental Medicine, School 
Medicine, Western Reserve University. 

The epinephrin output from the adrenal glands, during anaphylactic 
shock, was studied nine dogs. The method Stewart and Rogoff was 
employed; this the only available method permitting satisfactory quan- 
titative measurements for determining the rate epinephrin secretion. 
All the animals were sensitized with horse serum, ce. two successive 
days. The first dose was administered subcutaneously all cases, the 
second dose intravenously some and subcutaneously others. The 
shock experiments were performed four five weeks after administration 
the sensitizing serum. two animals, intravenous injection 
horse serum failed produce shock, all the others definite shock was 
obtained, varying degree. The maximum fall blood pressure was 
mm. Hg, the minimum mm. The maximum initial pressure observed 
before shock, was 140 mm., the minimum 74mm. maximum pressure 
observed during shock was mm., the minimum mm. The other 
characteristic phenomena anaphylaxis dogs was observed all the 
animals, varying degree with the intensity the shock. 

case was there any evidence interference with the epinephrin 
secretion from the adrenals, although some animals the shock was very 
profound and the blood pressure very low, while others the anaphylactic 
manifestations were relatively mild. did the epinephrin out- 
put from the adrenals exceed the maximum the normal range obtained 
the large series determinations made Stewart and Rogoff. the 
majority cases the epinephrin output was the same before and after 
shock. one animal the output indicated probable increase 
but view very slow blood flow and the fact that the apparently in- 
creased output did not exceed the maximum the normal range, would 
not proper interpret this result actual increase. Our experi- 
ments permit the conclusion that shock does not alter the 
output epinephrin from the adrenals. 
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The anoxic recovery asphyxiated nerve. (by invitation) and 
the absence oxygen nerve gradually fails conduct, but rapidly 
recovers when the gas again made available. This reversible functional 
loss might directly indirectly dependent curtailed energy 
chemical substances ordinarily formed removed oxidation. the 
latter, any hydrogen acceptor which reacts with the usual nerve system 
should replace oxygen, since the same initial and final substances are in- 
volved, except for the hydrogen acceptor itself which, the case oxygen, 
forms merely carbon the more crucial factor, the hydrogen 
acceptor replacing oxygen will first importance, since the energy 
yielded oxidation depends the oxidizing molecule fully much 
the reducing one. Gerard, 1932, Physiol. Rev., xii, 469; 1932, 
Canadian Chem. and Metallurg., xvi, 192.) 

was previously found (T. Feng and Gerard: 1930, Proe. 
Exp. Biol. and Med., xxvii, 1073) that methylene blue added asphyx- 
iated nerve did act hydrogen acceptor, being reduced, but gave 
recovery. Since the energy freed reduction this dye very little 
compared with that freed reduction oxygen, undertook test 
number other reducible substances for their ability restore conduction 
asphyxiated nerve. The clear result is: substance which yields 
little energy reduction—methylene blue, 1-naphthol 2-sulphonate indo- 
phenol, cystine, glutathione—leads any recovery; while several with 
larger energy yields—metadinitrobenzene, sodium nitrite, iodosobenzoic 
acid, sodium peroxide, hydrogen peroxide—are able restore considerable 
conduction. 

Though many additional factors complicate the actual situation (e.g., 
several large energy yielding substances like sodium nitrate have 
presumably because they are not acted upon nerve; and also nearly all 
agents studied are highly toxic and lead irreversible loss conduction, 
often without period recovery), regard these results strong evi- 
dence for the view that the oxidative mechanism the nerve first 
importance energy source and that asphyxial block result 
energy deprivation. 


Transudates and large saline injections. (by invitation). 
Department Physiology, University Minnesota. 
The effect large saline injections the production fluid the 

serous cavities and certain secretions has been quantitatively 

studied. 

Ringer-Locke’s solution amounts per cent the animal’s 
weight has been introduced intravenously into dogs. The animals were 
fasted for two days previous the experiment, and were given water 
during the last twelve hours. order that the fluid distribution might 
better measured the action the kidneys was removed ligation 
the renal arteries and veins. Since hemoglobin concentration was followed, 
the spleen was removed prevent any alterations which might result 
from it. After this surgery the abdominal wound was carefully closed 
linen sutures. The saline was injected temperature 38°C. rate 
2.5 per cent the body weight per fifteen minutes. Hemoglobin was 
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followed method described The animals were killed 
hemorrhage four five hours after the end the saline injection. Fluid 
present the peritoneal, pleural, and pericardial cavities, and the 
stomach and intestines was carefully measured absorbing the fluid with 
weighed cotton. 

Under the above conditions considerable ascitic fluid produced. 
amount saline equal per cent the animal’s weight injected, 
about four five per cent the body weight fluid appears the peri- 
toneal cavity. The amount fluid the pleural and pericardial cavities, 
however, only slightly increased. Even with large saline injections the 
greater part the fluid leaves the blood stream. three hours after 
the injection the hemoglobin concentration back per cent 
its original value. 


and phosphorus the blood serum during cerebral HELEN 
and SEARLE (by invitation). Department 
Physiology and Physiological Chemistry, New York Homeopathic 
Medical College. (Read title.) 

series thirty cats, from one eleven occlusions the head arteries 
from two four five minutes duration were done, and calcium (by 
the Cramer-Tisdale method) and phosphorus (by the method Young- 
berg) the blood serum were determined before the head 
arteries and the end any given number Typical find- 
ings are given the following condensed table. 


CALCIUM (MGM. PER 100 cc. SERUM) PHOSPHORUS (MGM. PER 100 CC. SERUM 
CCLUSIONS > > 
Before | After Before After 


(Note: difference 0.3 mgm. less, within the limits experimental vari- 
ation.) 


From this table may have been that, while the change following one 
two occlusions negligible, there steady calcium the 
blood serum the number occlusions increases. The phosphorus con- 
tent, remains constant half the cases. explain the sharp 
increases decreases which occasionally occur. 

Curare was administered another group eats, and the same proce 
dures repeated. Calcium and phosphorus remained unchanged amount 
even after the maximum number nine occlusions. The figures for 
typical experiment this series are follows: 


Scott: This Journal, 1917, xliv, 298. 
The cost these experiments was defrayed grant from the Committee 
Scientific Research the American Medical Association. 
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CALCIUM (MGM. PER 100 cc.) PHOSPHORUS (MGM. PER 100 cc.) 
NUMBER OF 


Before occlusion | Afterocclusion | Before occlusion 


After occlusion 


The effect caffein body temperature and motility during sleep. 
(by invitation). Department Physiology, University 
Chicago. 

Doses caffein varying from grains were taken four subjects 
forty-five minutes one hour before going bed. The subjects were 
usually ignorant the amount caffein administered since three 
capsules were taken nightly which may have contained either caffein, 
lactose combination both. Rectal temperature was recorded con- 
tinuously means electrical resistance thermometer and the move- 
ments the bed springs pulley lever system. The sum total all 
such movements was obtained means Harvard work adder and the 
time spent performing such movements was also measured. 

The larger doses caffein, grains, caused distinct increase 
motility which was paralleled for the most part rise body tempera- 
ture. That say, the most marked increases motility compared 
normal were found correspond the most marked increases body 
temperature. There was also increase the time spent such motility. 
Both major movements, such turning over, and minor ones were 
increased. 


The effect cortico-adrenal extract injection the estrous cycle the rat. 
Physiological Laboratory, University Virginia Medical 
School. (Read title.) 

The estrous was studied means the vaginal smear method 
Long and Evans. About one hundred animals have been used. con- 
trol period from one three weeks elapsed before operation treatment 
any kind. The injection cortico-adrenal extract (made according 
modified method this laboratory) normal rats 
resulted variation the estrous cycle the direction increased 
activity. estrus type smear was also often observed for several 
days consecutively. Continued extract administration, some cases, 
brought about eventually inhibition estrus. Adrenalectomy resulted 
complete suppression the cycle and ultimate death the rats with 
characteristic weight losses. The injection cortico-adrenal extract 
such cases restored the estrous cycle and maintained the animals alive 
for indefinite period, none them dying during extract administration. 
Withdrawal the extract resulted cessation the estrous cycle for 
second time. The injection either (Parke, 
Davis) beginning just prior adrenalectomy served maintain the cycle 
during the life-span the animals. Some these rats exhibited vaginal 
smears characteristic estrus even the time death. The 
used was found effective the case ovariectomized rats. Cortico- 
adrenal extract injection resulted, about per cent cases, the 
irregular exhibition smears the estrous type ovariectomized rats. 
explanation this phenomenon offered the present time. 
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Phasic variations coronary flow. Corton (by 
ern Reserve University. 

demonstration was made quantitative perfusion method for 
evaluating the rate coronary flow during phases and diastole 
for longer periods, which allow the relative aortic and perfusion pressures 
varied. The advantages are that can applied the beating 
heart situ, approximates normal nutritive conditions and adaptable 
measure coronary flow under variable conditions heart rate, strength 
beat, pressure and vasomotor reactions. Extensive tests the 
accuracy the method showed that the rate coronary perfusion may 
measured for even short periods time with error not more than 
per cent. 

The results obtained indicate that distinet coronary flow occurs during 
systole well during diastole provided perfusion pressure definitely 
exceeds aortic diastolic pressure. The detailed variations are briefly 
follows: During contraction the early portion ejection 
small backflow takes place, but this quickly followed (before the termina- 
tion maximum ejection) brief abrupt onflow which rather exceeds 
the previous backflow. During the remainder systole more gradual 
onflow persists. Synchronous with the onset the incisura the aortic 
pressure curve abrupt increase onflow sets and apparently con- 
tinues during isometric relaxation. This followed steady onflow 
during the remainder diastole which more rapid than the mean systolic 
flow While the relative magnitude systolic and diastolic flows depends 
several factors that require further study appears roughly 
the order 1:3. 


Methods for studying coronary flow with the heart situ. 
(by invitation) and Western Reserve University. 
Warmed oxygenated Locke’s solution delivered under pressure from 

large supplying reservoir into small driving reservoir buffered 
adjustable air volume and thence through rubber-jointed glass tubing into 
cannula inserted into the descending branch the left coronary artery. 
Prior each flow determination, pressure the driving reservoir banked 
considerably above arterial systolic pressure, and then abruptly cut off 
from the supplying reservoir. The fluid thereby driven short period 
into the coronary artery under the falling pressure expanding air the 
driving reservoir. such system the general gradient pressure 
decline well its correspond rate flow through the 

keeping the capacity the driving reservoir reasonably small and 
introducing optical manometer with high figure merit near the 
cannula the fluctuating decline pressure within the system can accu- 
rately recorded. simultaneous registration pressures 
another calibrated optical manometer, phasic changes flow are accurately 
established. addition, the general trend the curve permits accurate 
measurements flow for longer periods and also relation absolute 
pressures. 

When desired record rates flow only, modification the 
method which permits registration smoked paper, may substituted: 
large bore mercury manometer with float serves the recorder for 
both volume and pressure changes. Simultaneous registration mean 
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carotid pressure allows easy evaluation flow corresponding per- 
fusion pressures, advantage testing reaction drugs that modify 
mean pressure. 

Between flow determinations, coronary perfusion rate reduced such 
critical rate that bright arterial blood from collateral circuits re-enters 
branches the perfused vessels and pulsates back and forth with each beat. 
This accomplished means controllable shunt circuit. The pur- 
pose this procedure supply the whole heart periodically with its own 
nutrient blood, rather than substitute saline solution only. 


Physiology, West Virginia University, Morgantown. 

Most the experiments the literature the effect anoxemia 
drug susceptibility have been done closed chambers where oxygen con- 
tinually decreased and carbon dioxide increased. The present data were 
obtained from animals subjected various constant oxygen and carbon 
dioxide concentrations, using morphine, magnesium sulphate and strych- 
nine. The drug dosages were sub-lethal under conditions. 
Controls were effected dividing the animals into three groups with the 
same weight distribution each. Drug control, white rats were injected 
intravenously with doses based upon body weight and allowed remain 
under conditions. control, uninjected rats were 
placed the tank with the experimental animals. animals, 
after injection these animals were placed tank which could partially 
evacuated give the desired oxygen percentage. Accumulation carbon 
dioxide was prevented. 

None the rats the drug anoxemia control groups died regardless 
the drug. None the experimental rats died oxygen concentrations 
represented pressures higher than 450 mm. (approximately per 
cent). All the rats receiving morphine and strychnine and per cent 
those receiving magnesium sulphate died concentrations represented 
pressures 300 mm. (approximately per cent). Varying numbers 
died the intermediate concentrations. several cases animals that 
had received magnesium sulphate were left the tank for hours without 
dying. Some these, however, although they were alive when removed 
from the tank died later. This suggests that although the animal was 
resistant enough withstand the immediate treatment was weakened 
that eventually succumbed. 


(by invitation). The University Denver and the Univer- 
sity Alabama. 

Results the numerous studies the effect estrin pregnancy have 
not been agreement. It, therefore, seemed desirable carry out 
more thorough investigation. 

Estrin from pregnancy urine prepared the method D’Amour and 
Gustavson assayed the Coward and Burn technic was chiefly used. 
When given adequate dosage, pregnancy was invariably terminated. 
The stage pregnancy and the duration the estrin administration in- 
fluenced the dosage necessary, more being required late pregnancy and 
when the injections were given over shorter period. 

Estrin from follicular fluid and from placentae, well crystalline 
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theelin gave the same results early pregnancy. Their action later 
pregnancy was not studied. 

Termination pregnancy also resuited the rabbit from administra- 
tion estrin from pregnancy urine. 

explanation the mechanism the action might lie antagonism 
between estrin and other hormones, effect the uterus itself. 

Preparations corpus luteum alone given early pregnancy increased 
the fertility from per cent (32 out 44) the control animals 
per cent (22 out 23) those injected with corpus luteum. The period 
gestation was not lengthened. Such extracts, either large small 
amounts, were unable overcome the effects estrin. 

Alkaline extracts anterior hypophysis containing the luteinizing factor 
did not increase the number completed pregnancies when given with 
estrin. When given alone, although litters resulted, the gestation period 
was lengthened and many the young were born dead. 

preparation the gonad stimulating factor from urine 
was scarcely expected override the effects estrin since stimulation 
the follicles would presumably increase the output estrin. litters 
resulted when this preparation was given alone with estrin. 

These results indicate that the action estrin not one antagonism 
other hormones. Histological study the uteri now progress. 


Further analysis the electrical phenomena the auditory 
Davis, DERBYSHIRE (by invitation) and (by invitation). 
Harvard Medical School. 

Using cathode ray oscillograph have determined further character- 
the electrical responses pure tones the auditory mechanisms 
the cat. 

cochlear response, recorded from the round window with diffuse 
electrode the neck muscles, can detected with stimuli near the limit 
human hearing. Its relation frequency the human audi- 
bility curve. The wave form reproduces the stimulus above approximately 
800 per second. Tones lower frequency containing the 
stimulating wave are reproduced with harmonics emphasized relative 
the fundamentals. The relation magnitude response intensity 
neither linear nor logarithmic. There the beginning 
stimulation and fatigue moderate intensities stimulation. The 
response persists lower level for hours after death, and whole 
probably reflects mechanical events the inner ear. 

The response neurones the cochleo-cortical path, exemplified the 
lateral lemniscus and brachium, yields strong waves with the 
stimulus 1200 per second. faint responses may obtained 
2400 per second. Just below this the response follows the frequency 
stimulation for only few seconds, presumably being limited the 
lengthening refractory period nerve synapse. Action currents cannot 
detected with weak stimuli can cochlear responses. This may 
due masking continuous background neural activity. There 
definite and fatigue. The grouping axon potentials when 
these are synchronized reflects the major features the wave forms from 
the round window. These characteristics point very brief refractory 
periods highly coérdinated activity the cochlear nucleus. 

the collateral connections, exemplified the inferior colliculus, the 
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responses are characterized slight synchronization even low fre- 
quencies. Thresholds for the asynchronous activity may near the limit 
human hearing. There marked and fatigue. These 
responses are more sensitive anesthesia than those from the brachium, 
and represent neural activity beyond least one additional synapse. 


Further observations flexor rigidity spinal animals. 
and (by invitation). The Laboratory 
Neurophysiology Yale University, New Haven, Conn. 

The appearance flexor rigidity R.) the hindlegs 
spinal and dog, together with priapism, has been described previous 

paper (This Journal, 1932, 75). 

has been found that this also the spinal 
preparation the cat and the dog. the primary spinal cat priapism 
also often seen. 

The conditions under which this syndrome occurs are the same the 
primary preparation the secondary preparation. the symmetrical 
position this nearly always equal both hindlegs; when the front 
part the body rotated along the longitudinal axis the body marked 
and typical changes the occur. This rotation and torsion the 
caudal part the vertebral column results augmentation the 
“oeciput” leg and diminution this rigidity the hindlimb. 
These changes are constant phenomenon. Very often active extension 
observed the leg. 

These changes are reflex origin, though mechanical factor 
also present slight extent. The genesis these phenomena 
discussed. Demonstration motion picture film. 


The estimation ethyl iodide the katharometer determinations cardiac 
(by invitation). From the Laboratory Pharmacology the Uni- 
versity Pennsylvania. 

The chemical methods for analysis the gases employed estimating 
output human subjects time consuming and the accumula- 
tion sufficient data determine the difference between normal and 
diseased hearts has been difficult. physical method, the 
katharometer, has been adapted for the analysis ethyl iodide used 
cardiac output estimations the method Gamble. Samples 
respired gas are freed carbon dioxide and water vapor exposure 
asearite and phosphorus pentoxide. The thermal conductivity then 
compared the katharometer with that portion the same gas from 

which the ethyl iodide has been condensed passage through tube im- 

mersed liquid air. The relative amounts ethyl iodide the four 

samples (absolute estimations are not necessary for the 
output) can determined with accuracy equal that the 
chemical method previously employed. The apparatus calibrated and 
its accuracy tested estimating the ethyl iodide content successive 
samples prepared the measured dilution iodide air mixture. 

means the katharometer duplicate determinations out- 
put can completed less than hour. number cardiac output 
estimations, which could conveniently performed the chemical 
method week, can done the katharometer method morning. 
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This method has been employed patients the University Hospital 
during the last six months. Certain the results will discussed. 


The digestion living tissues gastric and pancreatic juice. 
and (by inyitation). The Depart- 
ment Surgery the University Chicago. 

Intact organs, such the spleen, kidney, and pancreas, were implanted 
into openings artificially produced the anterior wall the stomach and 
first part the duodenum dogs. These living tissues were not digested 
away after several weeks exposure. From this was concluded that these 
living organs could resist the digestant action the normal gastrie and 
duodenal content. Further studies were made determine the resistance 
living tissues the digestant action pure and juice 
obtained from the dog. The legs living frogs immersed pure 
juice were promptly digested away while those immersed pure active 
pancreatic juice displayed evidence digestion even after exposures 
from hours 37°C. The digestant action the pure juice 
was found roughly proportionate its concentration free 
and relatively independent the concentration pepsin. Fifteen-hun- 
dreds per cent HCl was found approximately the critical level below 
which digestion the frog’s tissues did not occur. The acidity the 
gastric contents the dog rarely exceeds this figure. The jejunum and 
ileum implanted into the wall Pavlov pouch isolated stomach 
that the mucous membranes were exposed the digestant action pure 
juice were digested away forming perforating The spleen 
similarly implanted into the wall isolated stomach was digested away. 


Carbohydrate metabolism and specific dynamic action partially hypophys- 
ectomized dogs. Eaton and (by invitation). The 
Department Vital University Rochester, Rochester, 

study glucose tolerance was made intravenous injections 
constant rate. Partially hypophysectomized dogs showed decreased 
tolerance. This was evidence the fact that the blood sugar rose higher 
than the normal and did not return the basal level for approximately 
one hour, compared with minutes the normal dog. 

Upon injection one-half unit insulin per kilo. the blood sugar reached 
minimum value hours both normal and partially hypophysec- 
tomized dogs, but the response was much more prolonged the 
experimental animals. 

The basal metabolism was lowered but this may partially due cage 
life. The specific dynamic action protein was normal when computed 
the average caloric increase over basal. 

Effects acid and sodium lactate the refractory period 
heart muscle. Dayton and GRANT SANGER (by invitation). 
The Department Physiology, Cornell University Medical College, 
New York City. (Read title.) 

The action acid interfering with the 
acid cycle muscle suggested these observations the recovery phase 
muscle when subjected this drug. 

The preparations used consisted the two auricles from the heart 
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the turtle. They were suspended buffered Ringer’s 
trodes were placed the sinus region and connected special relay 


stimulator which was tripped, selected cycles, the normal beat. 
Neutralized was used strength approximately 1/17,000. 


some instances the refractory period temporarily lengthened under 
the influence longer action the drug, however, reduced 


the interval the average decrease amounting per cent 
series seven experiments. When the poisoning reached advanced 


degree the testing stimulus often elicited series fibrillary twitchings 


which made exact determination the refractory period impossible 
this stage. Concurrent with the change the refractory period the 
rhythmic contraction responses show marked reduction amplitude. 
The condition reduced refractory period and weak mechanical responses 
can quickly and sometimes completely reversed adding the 
Ringer’s 300 mgm. sodium lactate per 100 solution. Moreover, 
the lactate added the iodoacetic-Ringer’s solution the outset, the 
changes refractory period and contractility noted above not appear. 
Preparations acted upon the until effect was produced then 
restored with lactate, washed with fresh Ringer’s and immersed clean 
solution this kind, again developed the effects indicating that 
the drug was not neutralized but only masked. 


The excretion and functional localization under the effects urethane 
and metallic poisons. Department Anatomy, 
University Buffalo School. 

Simultaneous injections iron with urethane, chloride, po- 
tassium chromate, and uranium nitrate into frogs show variations from 
normal excretion iron follows; urethane, 200 per cent increase; mer- 
chloride, 12.5 per cent decrease; potassium chromate, per cent 
decrease; uranium nitrate, per cent increase. 

Injections iron twelve hours after injections the above sub- 
stances show the following variations from the normal: urethane, 200 per 
cent increase; mercuric chloride, per cent decrease; potassium chromate, 
100 per cent increase; uranium nitrate, per cent increase. 

These figures support the observation made histological preparations 
and isolated tubules that the intracellular content iron the proximal 
convolution greater when the iron being excreted under the influence 
urethane. There apparent functional localization with regard 
the excretion iron the normal kidney, but when the iron being 
excreted under the influence mercuric chloride, only the cells the 
distal third the proximal convolution contain iron while potassium 
chromate and uranium nitrate induce uniform intracellular content 
iron which distributed throughout the entire length the proximal 
convolution. The distal convolution these experiments generally 
free iron contains concentrated form the lumen only. 

appears that the proximal convolution the tubule the frog’s 
kidney reveals, under certain conditions, functional localization compar- 


able, regards chloride, with that found the mammal 
Suzuki. 


The hypertrophy the ovary relation the hormone. FREDERICK 
Department Physiology, University Buffalo. 
The hypertrophy the remaining ovary after unilateral ovariotomy 
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well known. The cause this hypertrophy thought related 
the pituitary gland however implants have failed show the pituitaries 
from rats with one ovary were more potent than normal. Immediately 
after one ovary removed the amount ovarian hormone reduced 
one-half and this may play part starting the hypertrophy the re- 
maining ovary. Theelin R.U. daily) was, therefore, given un- 
ilateral ovarectomized rats but this did not prevent the hypertrophy the 
remaining ovary. Whatever the cause the hypertrophy may not 
diminished moderate doses theelin. 


Studies the flow blood from the liver. Essex, 
Herrick (by invitation), Mann and Epwarp The 
Mayo Clinie and the Mayo Foundation, Rochester, Minnesota. 

The thermostromuhr method Rein has been modified that the unit 
(diathermy thermo-element) can applied under sterile conditions and 
kept place for several days, thus allowing the measurement flow 
blood the intact animal. The modified instrument has been utilized 
study the flow blood from the liver. All operations were carried 
out under ether anesthesia and the usual sterile technic. For this study 
dogs were prepared two stages. The first stage consisted partially 
occluding the posterior vena cava just caudal the entrance the hepatic 
veins. From five six weeks later the vena cava was completely occluded. 
One seven months subsequently the instrument was placed the 
thoracic vena cava, which time the veins were ligated. 
The flow blood the vena cava was thus restricted that 
coming from the liver. Observations were made over period one 
four days, during which time the animals walked about, took food and 
behaved normally. The average flow blood (0.79 per gram liver 
weight) was found lie within the range values reported previous 
workers employing the same other methods. The flow blood was 
observed following the voluntary ingestion either liquid solid 
meal, both. 


Effects potassium cold blocking temperature nerves. 
Ets and Boyp. Loyola University, School Medicine, Chicago. 
Two types low temperature block can obtained the sciatic 

nerve winter pipiens: One freezing block which change 

response noted until ice forms; the other block develops above the ice- 
formation temperature with gradual decrease muscular response. 

study was made with modified Ringer’s solutions which the po- 
tassium concentration was increased two, four, and ten times that 
normal Ringer’s solution—the pressure kept constant corre- 
sponding decrease the sodium ion. The nerve only was immersed 
the solutions—the muscle being protected from the solution and from 
drying. Blocking temperatures were measured placing the nerve over 
silver tube moist chamber. Temperatures were measured with 
thermocouples and potentiometer—one thermocouple being the silver 
tube through which the cold solution passed. 

The double potassium Ringer’s solution had practically effect. With 
the four potassium Ringer’s solution, the blocking temperature rose with 
increased time immersions. And with the ten potassium Ringer’s 
solution the blocking temperature rose more rapidly with time im- 
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The previous condition the frog also factor the blocking tem- 
perature. Frogs kept for least twenty-four hours water incu- 
bator 25°C. were more sensitive the potassium ion than were the 
vious immersion the nerve normal Ringer’s solution was found 
make the nerve more resistant the action the potassium ions. 
Increasing both the calcium and potassium ions ten times their con- 
centration Ringer’s solution, with corresponding decrease sodium ion 
maintain normal osmotie pressure, gives results indicating that the 
increased calcium has little effect the action the increased potassium 
concentration. 


The dietary control parathyroid tetany. Evans (by invita- 
tion). Department Physiology, University Chicago. 

By- administration sour milk-bread-liver diet young dogs 
months age) for days prior thyro-parathyroidectomy and 
continuing this diet for forty days after the operation, young parathyroid- 
ectomized dogs can kept alive indefinitely (118 days and still alive 
the present time). eight young dogs treated and thyro-parathyroid- 
ectomized, seven lived. One died the second day after the operation 
severe, typical tetany. The diet was sour milk, 600 grams; bread, 
grams, and fresh liver, grams, daily. 

After forty days survival, this diet was changed the ordinary meat 
and bread diet; 100 grams sour daily was still given. After days 
the sour milk was omitted. 

Determinations serum calcium, phosphorus, total and 
(quinhydrone electrode) were made before and intervals after the 
operation. When the animals were true basal state the values for 
least sixty days were follows: mgm.); inorganic 
phosphorus (5.74-15.20 mgm. Ave. mgm.); vol. per 
cent); 20°C.). These dogs showed tetany other 
signs parathyroid deficiency even when the ratio indicated the 
tetany should have occurred. 

Two adult dogs were treated the same manner reported above; 
one died tetany two days after the operation. The other female has 
survived oestrous period with serum values approximately the same 
those the young dogs. Four other adult dogs are now being studied. 

Bilateral cataracts are forming the lenses five the young dogs. 
Faulty tooth structure has been observed three the young dogs. 
These pathological signs indicate that although this diet protects against 
the tetany when the blood calcium low, phos- 
phorus high, does not prevent the changes commonly observed after 
parathyroidectomy the dog. 


Phonographic reproduction voice sounds from the dog’s ear. 
and (by invitation). University Wis- 
consin. (Demonstration.) 

This repetition the experiments Weaver and Bray (Science, 
1930, 215) with the addition that the reproduction recorded 
records. Electrical contact with the eighth cranial nerve 
surrounding structures were led through amplifier 
recorder for the purpose making these records. The records reproduce 
voice and other sounds impressed upon the ear the experimental animal. 
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Various procedures are recorded, such destruction the eighth nerve, 
tension upon and cutting the tensor tympani muscle, death the 
animal, ete. 


The electric field around heart muscle. 
(by invitation) AND Krasno (by invitation). The Depart- 
ment Physiology, University Wisconsin Medical School. 

The electrical field surrounding the heart the tortoise situ approxi- 
mates more closely that plane than that homogeneous volume 
conductor the shape the body spherical form. This indicates that 
the body tissues form non-homogeneous conducting field, the better 
conducting portions which approximate plane distribution. Ex- 
periments dogs which body resistance measured before and after 
replacement the blood non-conductor indicate that the blood vas- 
cular system plays major part electrical conduction the body. 

study the nature the action potentials developed the tor- 
toise heart, mechanical models have been employed, consisting moving 
single charges and dipoles linear and plane circular conductor. 
has been possible duplicate the complex the electrocardiogram, 
but combination charges has been found giving satisfactory dupli- 
both the complex and the wave. The complex the 
result dipole dipole combination, the exact nature which remains 
determined. The potential appears have entirely different 
origin, possibly the result the summation flow potentials caused 
mass movement water through membranes the contracting muscle. 

comparative study being carried out potential distribution 
plane conductor arising from the tortoise heart and from artificial 
oscillating dipole. The latter shows symmetrical distribution lines 
equipotential and current flow, subject mathematical formulation. 
The former departs from this distribution manner, the details which 
require further investigation. 

have found evidence opposing the theory initial negativity 
the surface active muscle. Certain experiments that have been recently 
published which initial positivity has been found are fallacious that 
they fail take into account the fact that the distal socalled indifferent 
lead really lead from other parts the heart contact with the body 
other conducting medium. 


The potassium equilibrium frog muscle. Fenn. The Depart- 
ment Physiology, School Medicine and Dentistry, University 
Rochester. 

Sartorius muscles were soaked for hours various solutions. The 
threshold excitability induction shocks was then determined and the 
muscle was analyzed for The matched muscle was analyzed before 
soaking was soaked another solution for comparison. 

every there certain concentration the outside solu- 
tion which equilibrium with the inside, mgm. per cent 
6.3 and mgm. per cent Within narrow range 
the product and outside which equilibrium with the and 
inside approximately constant. the decreases however the 
(K) (OH) product outside potassium equilibrium also decreases mark- 
edly. This partly due decrease (OH) inside. 

For the same outside there more loss phosphate than 
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bicarbonate buffers (in per cent because the greater acidity in- 
side The reverse true NaCl replaced due the 
greater alkalinity inside. 

Changes Cl, PO, and lactate the muscle are insufficient 
for the increases and decreases which presumably migrates there- 
fore largely KOH. per cent there should changes HCO, 
nearly equivalent the loss and gain KOH but this does not occur. 

solution 7.0 the inside measured the bicarbonate 
content remains approximately 7.0. more acid solutions the 
bicarbonate content falls and more alkaline solutions rises. Changes 
outside have relatively insignificant effect the bicarbonate level 
comparison the changes outside. 

Anion impermeability judged the ability the muscle move 
against the concentration gradient not lost even solutions which 
destroy the irritability the muscle. The optimum excitability the 
muscles (as measured induction shocks) maximum solutions 
containing mgm. per cent and largely independent the 
and hence independent the direction migration 


Experiments hypophysectomized rabbits. Frror and 

All the rabbits employed these experiments were hypophysectomized 
intra-orbital approach, and autopsy the completeness the 
removal all glandular tissue was confirmed serial sections the 
contents the sellae. Urine pregnancy was injected intravenously 
into three rabbits that had failed ovulate following hypophysectomy 
which was completed within minutes post coitum. The urine 
pregnancy injections induced ovulation. second series experiments 
comprise study uterine motility following injections Theelin into 
hypophysectomized pregnant rabbits. The results show that rabbits 
hypophysectomized the 5th days pregnancy pseudo-pregnancy 
the corpora lutea lose within hours after operation their power in- 
hibit typical uterine contractions induced Theelin. The third series 
experiments describe the histological alterations the uterus and ovaries 
resulting from daily injections Theelin followed daily injections 
Corporin (Hisaw) into hypophysectomized rabbits. The final group 
experiments record the changes found ovaries hypophysectomized 
rabbits after injections anterior lobe extract prepared the method 
Bugbee al. 


The effect calcium gluconate parathyroid tetany the albino ALMA 
FoGELBERG (by invitation), and Hanson (by 
invitation). Department Physiology, The University Chicago. 
gluconate has been found others effective relieving 

parathyroid tetany the dog. Eighty-four rats have been given calcium 

gluconate when parathyroid tetany appeared without satisfactory relief. 

Some were treated subcutaneous injections, some intraperitoneal 

injections, some oral administration, and some intravenous injection. 

many animals the tetany was not relieved nor was death prevented. 

few blood calcium estimations untreated rats parathyroid tetany 

have not consistently shown lowering blood 
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The relation the motor and premotor areas the spasticity and 
NARD (by invitation). The Laboratory Physiology, Yale University. 
After ablation the motor area chimpanzees and monkeys (area 

Brodmann; see Bucy, these Proceedings) flaccid paresis the 
affected extremities, but within few weeks the animals recover voluntary 
power all muscles except those governing the finer movements the 
digits. Subsequent ablation the premotor region the cortex (area 
gives rise the following symptoms the opposite side; complete loss 
voluntary power all muscles for variable period, with much greater 
ultimate residual motor deficit than that following lesions area 
marked spasticity (instead which, after bilateral extirpa- 
tion, varies degree with the animal’s position space; the appearance 
the postural and righting reflexes Magnus and Kleyn, together 
with involuntary grasping which look upon special phase 
the righting reflexes peculiar primates (Bieber and Fulton, these Pro- 
ceedings). Righting reflexes and the associated fluctuations spasticity 
can most readily demonstrated after areas and have been removed 
from both sides. infer from this and other evidenee (This Journal, 
1932, ci, 36) that bilateral representation exists areas and mon- 
keys and apes, and that the exaggerated spastic postures are due release 
from cortical control the midbrain and medullary centers responsible 
for the integration the postural and righting reflexes. Unlike the 
cats Magnus and Rademaker, primates with areas and 
removed show striking abnormalities attidude, but such preparations 
are without demonstrable deficit the higher functions, vision, smell, 
hearing, orientation, memory for persons, mates, box-problems, etc., 
are normal. conclude, therefore, that although area may mediate 
voluntary acts, its chief function lies the correlation the extrapyra- 
midal postural mechanisms with the voluntary projection systems the 
cortex (see Jacobsen, these Proceedings). 


Afferent impulses the splanchnic nerves and their relation the arterial 
pulse. (by invitation) and The John- 
son Foundation, University Pennsylvania. 

Using vacuum tube amplifier and oscillograph, have been 
obtained the nervous discharge the peripheral ends the splanchnic 
nerves. found that there are bursts impulses synchronous with 
the heartbeat and simultaneous records the arterial pulse show that 
the impulses are associated with the systolic rise pressure. The im- 
pulses originate Pacinian corpuscles lying the mesentery adjacent 
the mesenteric arteries. The character the discharge somewhat resem- 
bles that previously described for the and sinus Its 
relation general blood pressure, pulse pressure, and cardio-vascular 
reflexes being investigated. 


Reduction oxidation vagus inhibition the heart. 
and (by invitation). The Department Physiology, 
Vanderbilt University School Medicine, Nashville, Tennessee. 
Determinations the oxygen consumption the turtle’s auricles 

revealed that vagus inhibition depresses the oxygen consumption below 

the resting (non-contracting) level. The reduction oxygen consump- 
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tion varies from per cent, the extent the diminution being 
greater with stronger stimulation the vagi. The effects were greater 
when two vagi were stimulated than when single nerve was stimulated. 
The oxygen consumption was determined the Barcroft-Warburg 
methods. The determinations were made the excised auricular prep- 
aration with vagi intact, the nerves being stimulated outside the respira- 
tion chamber. Contractions were suppressed (arrest) the application 
choline derivatives applied the sinus, the auricle thus remaining 
excitable artificial stimuli well vagal inhibition. 


The influence hormones and drugs affecting the autonomic nervous system 
intestinal absorption and permeability. GELLHORN and Davip 
(by invitation). The Department Physiology, College 
Medicine, University Illinois, Chicago. 

pithed frogs the blood vessels supplying the gut are perfused with 
Ringer and Ringer plus hormone solution respectively whereas the gut 
perfused with isotonic glucose. Any vascular change which may occur 
these experiments compensated appropriate changes the perfu- 
sion pressure. Variations the sugar concentration the blood vessels 
are under these conditions the expression change permeability. 
shown that acetyl choline the antagonist adrenalin also regard 
permeability. Acetyl choline decreases permeability concentrations 
1:20,000,000 and increases higher concentrations. Extracts 
anterior and posterior hypophysis are without effect permeability 
although posterior hypophysis extracts cause vasoconstriction. The 
effect hormones permeability independent changes the di- 
ameter arterioles and capillaries which they may produce. 


The effect occlusion the carotid arteries heart and respiratory rates 
before and after denervation the carotid sinus normal dogs. 
invitation). The Johns Hopkins School Medicine. 

The changes produced clamping the common carotid arteries 
respiratory and heart rates were studied four normal unanesthetized 
dogs which had been trained lie quietly during the experiment. Two 
operations were performed each dog. the first operation, the carotid 
arteries were placed skin flaps order make then accessible for 
clamping. After recovery, records were obtained respiratory and heart 
rates before, during and after clamping. the second operation the 
carotid sinuses were denervated. change respiratory rate during 
clamping was observed before after denervation. increase the 
heart rate was obtained the four dogs clamping the carotid arteries. 
This change was abolished three dogs denervation. 


electrically driven contact breaker suitable for studies sum- 
mation, etc. Department Physiology, University 
Michigan, Ann Arbor. (Demonstration.) 

The device consists two parts—a heavy iron fly wheel carrying 
knock-over and carriage for moving two adjustable knock-over keys 
into the path the knock-over. 

The fly wheel revolved rate 1200 R.P.M. lead screw serv- 
ing connecting shaft synchronous motor. The carriage oper- 
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ated engaging and the lead screw with clutch. When engaged, 
both keys approach the knock-over rate one thread per revolution 
the motor. moving one key horizontally away from the 
knock-over the equivalent one thread, the time interval between open- 
ing the keys altered 0.05 second. The maximum separation the 
keys 1.0 second. Finer adjustments for each thread adjustment, accu- 
rate 0.000025 second (further calibrations are necessary determine 
the limits accuracy) are made setting the second key which at- 
tached vertical plate revolvable right angles the driving shaft. 
This plate ruled and supplied with vernier. 
obliged Doctor Bean for the calibrations. 


Studies with action potential methods. 

Department Physiology, University Michigan, Ann Arbor. 

Action potentials respiratory muscles and nerves, tracheal pressure, 
costal and abdominal excursion, tidal air, mean blood pressure and heart 
rate were photographically recorded. 

The care required elicit potentials indicated wide variation 
synchronization contraction various muscles. The transcostar 
frequently showed complete synchronization with coarse visible contrac- 
tions about per second during moderate ventilation. 

The total number fiber twitches per respiration may strikingly con- 
stant over prolonged series respirations. may also vary consider- 
ably. 

single fiber twitch per respiratory cycle was not uncommon. 

Paired potentials frequently occurring the outset gave way more 
even spacing contraction developed. Perfect spacing was not the rule. 

Muscle stretching elicited prolonged activity quiescent muscles. This 
activity was repeatedly interrupted during each respiratory cycle. Fiber 
rhythm varied with the stretch. 

The expiratory muscles may contract continuously even fiber 
rhythm long after the interrupting action the respiratory center has 
ceased during respiratory failure. Augmented contraction 
reflexly elicited stretching. 

some animals only inspiratory muscles were active, leaving expira- 
tion passive. others, both sets were active during their respective 
phases. The degree overlapping activity varied. When inspiratory 
and expiratory muscles were active during both phases respiration 
they showed decreasing activity during expiration and inspiration respec- 
tively. 

The internal intercostals studied, contracted during inspiration. The 
external intercostals contracted during either phase. 

When active, the external, internal, transverse and rectus abdominus 
muscles contracted during expiration. Sometimes contraction began only 
after the air had been expired and was prevented tracheal occlusion 
the end inspiration. 

The excursions the sternum showed great variations. one animal 
they were strongly caudal during inspiration and the which 
inspiratory muscle, contracted during expiration. 

Vagal afferent impulses varied with pulmonary stretch. 

Tracheal occlusion following inspiration produced prolonged powerful 
vagal discharge. 
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Central stimulation the vagus nerve produced variable 
results—inhibition inspiratory and expiratory muscles and sometimes 
increased contraction the abdominal expiratory muscles. 

Potentials coinciding with respiratory movements were observed 
the brain stem. 


quantitative study peripheral summation. The effect the turtle 
atrium repeated stimulation the vagus nerve. Depart- 
ment Physiology, Washington University School Medicine, St. 
Louis. 

Records the atrial effects vagus stimulation the turtle 
have been subjected analysis the method used Hill 
study poisoning curare and nicotine and, recently, Rosenblueth 
who-studied the effects adrenalin and autonomic nerve stimulation. 
number frequency stimuli applied the vagus plotted 
abscissa against percentage depression ordinate, the points fall along 
hyperbola the form found the above named workers. Agree- 
ment about half the records close our methods recording and 
measuring allows. the other records there discrepancy, usually 
not more than ten per cent but with the experimental points usually falling 
below the values. 

means such curves one obtains data for the time- 
intensity curves atrial effect following single shocks the vagus, 
previously reported, one finds agreement between curves response 
weak strong shocks which is, again, within the limits accuracy 
the methods and measuring used. 

Although such findings are compatible with neuro-humoral hypothesis, 
they are presented here for their factual value rather than confirma- 
tion any particular hypothesis. 


Velocity conduction the supernormal phase nerve response. HELEN 
GRAHAM (by invitation). The Department Pharmacology, 
Washington University School Medicine, St. Louis. (Read title.) 
The conduction-rate nerve response not changed causing the 

response fall the supernormal phase preceding response. This 

fact has been established means cathode ray oscillograph measure- 
ments conduction-rates the frog nerve untreated, treated with 
excess calcium ions, treated with veratrine. 


Evidence that the coronary constrictor neurones are thoracic sympathetic 
origin and not true vagal parasympathetic neurones. GREENE. 
University Missouri. 

The discovery constrictor nerves for the coronary arteries was ob- 
tained stimulating the cervical vagus. Naturally, the deduction was 
made that these neurones are parasympathetic vagal origin. No- 
where find any reference the admixture the 
cervical nerve trunk nor any physiological analysis these structures. 

experiments more than dogs with long series tests each, 
were surprised find that stimulation the peripheral end the 
cervical produced coronary dilatation almost, not 
quite, often coronary constriction. Also, certain experiments were 
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reactions are first dilatation, then constriction, and 
when the stimulus strong the constriction the more pronounced. 
the same trunk one might secure diphasie response with mild stimulus 
and pronounced constriction with strong stimulus. Coronary reac- 
tions opposite sign can explained the assumption the presence 
both dilators and constrictors the same anatomical pathway. 
test alone might indicate the presence now one, now the other, group 
neurones. reactions strongly presuppose the presence 
both types. mixed nerves, vaso constriction the dominant reaction. 
Strong stimulation converts the reaction positive constriction. These 
data, with certain amount evidence the presence vaso-constrictor 
fibers running more direct paths from the stellate ganglion the cor- 
onary plexus compels new deduction follows: 

The coronary vaso-constrictor pathway from the thoracie cord 
through the upper spinal gray rami with ascending loops through 
the stellate ganglion and through the superior ganglion and the 
trunk the coronary plexus. have still the crucial 
experiments before for the complete establishment this concept, 
which present believe should supersede the notion vagal origin 
the coronary constrictor outflow. 


Observations thirst man relation changes salivary flow and 
plasma volume. and Lewis (by 
invitation). Harvard School. 

year ago one (Gregersen: This Journal, 1932, ci, 44) reported 
that salivary flow (polypnea secretion) dogs follows the changes 
plasma volume whether these are produced water deprivation 
temporary shifts the body fluids result digestive processes. With 
view finding whether not the same parallelism between salivary 
flow and plasma volume exists man, observations were made two 
normal male subjects during period and days without water. 
Changes the salivary flow were measured terms the changes 
quantity saliva obtained result breathing through the mouth for 
minutes. The plasma volume was determined modified brilliant 
vital red method requiring only ce. blood for each determination. 
Erythrocytes were counted and the per cent plasma proteins obtained 
refractometer. Urine output and changes body weight were recorded. 
Except for oceasional piece toast cracker food was taken dur- 
ing the period water deprivation. 

The results obtained from the subject who went days without water 
are follows: salivary flow was reduced from minutes 0.7 ce. 
minutes; the plasma volume fell from 3000 2240 erythrocyte 
count increased from 5,150,000 5,930,000, and per cent cells from 42.5 
45.0; plasma proteins went from 7.7 per cent 8.2 per cent; the 
urine output dropped less than ec. per hour and the body weight fell 
from 85.6 83.0 Marked thirst was first experienced after hours 
without water when the salivary flow was already down half its normal 
value. Excellent relief could obtained from sucking lemon. Merely 
holding water the mouth was less effective. 

After hours, during which 2400 fluid were taken, the plasma vol- 
ume had returned 2900 the salivary flow was nearly min- 
utes, erythrocyte count was 5,100,000 and per cent plasma proteins 7.6; 
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only 200 ec. the ingested fluid had appeared the urine. 
weight was 85.0 
Similar results were obtained the subject who went without water 
for days. 
These observations parallel changes salivary flow and plasma 
volume man, when correlated with animal experiments, suggest that 
salivary secretion reduced decrease blood volume. 


The body 


The circulatory effects acute hypervolemia. DONALD GREGG 

(by invitation). Western Reserve Medical School, Cleveland. 

The plasma and erythrocyte volumes anesthetized dogs were in- 
creased experimentally slow infusion and sedimented corpuscles, 
during which pressure changes the veins, ventricles and central arteries 
were followed, the latter two use optical manometers with high fig- 
ures merit. addition, alterations urinary secretion, spleen vol- 
ume, pressure and heart rate were recorded. 

The experiments demonstrated the following points: While con- 
siderable volume blood can accommodated the dilation 
laries and venules various blood reservoirs the body, including the 
spleen, the maximum capacity available under normal conditions not 
adequate prevent increased return the heart during polycythemic 
hypervolemia. Evidence that the systolic discharge the left ven- 
tricle increases given the larger pulse pressure, the inordinate in- 
crease the phases isometric contraction and ejection, 
well the contour changes exhibited the pressure pulses. In- 
traventricular pressure curves obtained from exposed hearts enclosed 
naturally within the pericardium indicate that initial tension increases 
considerably. During the early stages hypervolemia, the increased 
systolic output mainly responsible for the elevation arterial pressure, 
for the gradients the diastolic portion the pressure curves not 
change. This indicates that the increase peripheral resistance occa- 
sioned greater blood viscosity nicely counterbalanced dilation 
peripheral arterioles and widening the capillary beds. When the poly- 
cythemic hypervolemia becomes extreme, however, the effects increased 
viscosity dominate and increased peripheral resistance undoubtedly 
This shown the changing contour the systolic portion 
the pressure pulses and slower gradient the diastolic decline 
well. 


Glucose tolerance test relatives diabetic patients. 
HEIMER and (by invitation). Department 
Physiology, University Minnesota. 

The improved Shaffer-Somogyi method was used for the determina- 
tion the sugar the blood. The usual instructions were given each 
individual. The sugar was determined the fasting blood; one gram 
glucose per kilogram body weight was given the form lemonade. 
The sugar the blood was determined one-half hour, one hour, two and 
three hours after the ingestion glucose. 

Forty-nine individuals have been tested date. The mean values for 
the entire group (27 women and men) are follows: 
one-half hour—118.0; one hour—98.5; two hours—71.3; three hours— 
73.9 mgm. glucose each one hundred centimeters blood. These 


7 
q 
| 


PROCEEDINGS 


results not differ markedly from those found group 
individuals, earlier study. 

The results have been arranged according the amount increase 
the blood sugar. The first group includes those whose blood sugar in- 
creased less than mgm. each 100 after the ingestion glucose: 
the second group includes those whose sugar increased more than and 
less than mgm.; the third group includes those whose sugar increased 
more than mgm. The averages for the three groups are given, for 
each time interval. 


FASTING } HOUR 1HOUR 2HOoURS 3 HOURS 


Above mgm. (11) 74.6 


The results those who have parents have been arranged accord- 
ing maternal paternal diabetes. (Those who have uncles, aunts, 
grandparents, sisters with diabetes are not included this arrange- 
ment.) There were nine women and eleven men who had mothers. 
The results the twenty are: 


FASTING 4 HOUR 1 HOUR 2 HOURS 3 HOURS 


69.0 75.7 


81.7 115.1 


99.6 


Nine women and four men had fathers. The results are: 


FASTING 4 HOUR 1 HOUR 2 HOURS | 3 HOURS 


80.7 103.3 73.2 71.9 


Three sisters and one brother were tested; this family one brother 
had died diabetes and another has present. The averages for these 
four siblings are: 


FASTING } HOUR | 1 HOUR 3 HOURS 


84.0 93.8 


87.1 


the work still progress, conclusions are presented this time. 


Further studies the hormone the adrenal GROLL- 
MAN and Department Pharmacology and Experi- 
mental Therapeutics and Department Surgery, Johns Hopkins 
University. 

Further studies the active extract the adrenal cortex have been 
made. The active principle has been isolated solid form which 
appears crystalline under the microscope. method for the administra- 
tion active gland substance has been devised. 
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The effects adrenal extract the reproductive system. ARTHUR 
GROLLMAN and Howarp (by invitation). Department 
Physiology and Pharmacology, The Johns Hopkins University. 

interrelationship between the gonads and the adrenal cortex has 
long been suspected anatomical and clinical grounds. The preparation 
potent and relatively pure cortical extract has now enabled 
directly test the effects the cortical hormone the reproductive tract. 

Cortical extract prepared was injected daily into young rats 
amounts more than five times that required maintain life the absence 
cortical tissue. series males the testes averaged per cent 
heavier the injected animals (per cent body weight). group 
females, effect the age vaginal opening was observed, and 
smears demonstrate that the oestrous cycle was not significantly 
affected. 


Summation two subliminal stimuli single muscle fibers. 
The Eldridge Reeves Johnson Foundation for Medical 
University Pennsylvania, Philadelphia. 

These experiments measure the strength second adequate stimulus 
necessary produce response muscle when this stimulus applied 
various times after first constant but subliminal excitation. The meas- 
urements were carried out order study the rate disappearance 
local excitatory process, using material single muscle fibers the 
frog retrolingual membrane. Two successive, very nearly rectangular 
stimuli equal durations were employed. The strength each stimu- 
lus was independently graded, and the interval between the two stimuli 
could brought down 0.02 0.01 graduated rotary contact 
breaker. the data are fitted very well with bimolecular 
isotherm. This fit suggests that disappearance local excitatory process 
the nature 


where the level excitatory state any time. the experiments 
ordinarily performed, with the tissue completely immersed Ringer’s 
solution, phase depressed excitability could not demonstrated. 
When the membrane was raised out the solution such depressed 
phase appeared. Also, depressed phase was evident single nerve 
fibers which were covered with Ringer’s solution. 


The influence gravity the circulation. (by invitation), 
(by invitation) and Scorr. Department Physiology, 
University Minnesota. 

attempt was made see what effect the carotid sinus plays the 
compensation following the action gravity. These studies are rendered 
difficult the fact that most dogs very little compensation 
most dogs one keeps the carotid the centre rotation 
and turns the animal the vertical position (hind legs down) there 
drop carotid pressure and little tendency for the pressure return 
its horizontal these animals section the vagi and denervation 
the sinuses magnifies the effects gravity, greater and sharper 
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falls are produced. Occasionally one meets animal which there 
fair compensation and fair return pressure towards the horizontal 
level. these animals section the vagi and denervation the sinuses 
tends abolish this compensation. evident that animals whose 
circulation adjusted for the horizontal position not compensate very 
well for the effects gravity. succeeded showing the gravity 
effect man. this use was made recording sphygmo- 
manometer. the usual methods one can hardly get pressure changes 
man under half minute. this time most observers have found 
pressure usually greater only slightly below the pressure lying down. 
However, have succeeded recording pressure seconds after the 
change posture. cases studied were able record drop 
pressure these seconds after assuming the standing position. 
case the blood pressure hardly changed and one case although repeated 
trials were made rise pressure was always all cases the 
compensation was completed half minute. After that time the pres- 
sure stayed approximately that level. 


acid blood and tissues following intravenous injection sodium 
bicarbonate. Department Physiology, University 
Michigan, Ann Arbor. (Read title.) 

Small dogs anesthetized with morphine and urethane were injected 
with molar sodium bicarbonate solution, approximately per kilo 
body weight. The injection was fairly rapid, about per 
minute. Fifteen twenty-five minutes after the injection the dog was 
decapitated, the kidney and brain removed instantly and dropped imme- 
diately into liquid air. 

The average acid content the brain and kidney injected 
animals was 66.1 and 45.5 mgm. per cent against average 65.7 
and 28.6 mgm. per cent the brain and kidney respectively non- 
injected animals. The time interval between decapitation and immer- 
sion the tissues liquid air was practically the same for the injected 
animals and the control series, average and for brain 
tissue, and seconds for the kidney. The control animals were anes- 
thetized the same the other group. From these results 
that intravenous injection bicarbonate produced change the lactic 
acid content the brain (at least minutes after the injection) 
whereas was followed appreciable rise acid the kidney. 
The increase kidney acid was probably due diffusion from the 
blood. The average amount lactic acid the blood before injection 
experiments was 21.4 mgm. per cent which rose about minutes 
after injection 48.2 mgm. per cent. 

experiments the sartorius muscle one leg before injection con- 
tained average 56.5 mgm. per cent acid. lactie acid 
content the corresponding muscle the other leg after injection rose 
68.4, increase 11.9 mgm. per cent. 


The effect chronic experimental aortic insufficiency certain circulatory 

characteristics. Brewer (by invitation) and 
(by invitation). Department Physiology, The 
George Washington Universitv Medical School. 
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series dogs was studied regard certain characteristics before 
and repeatedly after the production varying degrees aortic insuffi- 
ciency breaking the cusps with stylet through the carotid 
artery. The following tentative statements can made this time: 
the cardiac output markedly decreased. the stroke volume (net) 
shows even greater decrease. there slight increase the circula- 
tion times, but this probably not significant. the volume blood 
the heart and lungs definitely decreased though the percentile change 
not great the output. There are thus signs passive con- 
gestion are seen clinical heart disease the normal dog after heavy 
doses adrenalin. significant changes occurred the blood volume. 
x-ray and evidence gives rise the tentative con- 
clusion that the operation has resulted immediate myocardial changes 
and later left hypertrophy. blood pressure tracings taken means 
optical recorder (see below) from the femoral artery the intact un- 
anesthetized dog show typical case pressures 230/35 compared 
the normal 190/65. After heavy doses adrenalin, the figures 
change 465/155 and 275/120 respectively. movements the pulse 
could more effectively transmitted recording mirror system 
threads column hydrogen than the usual air column. 
possible eliminate the after-vibrations which can shown 
artifacts, and show that the sound due simple very 
quick expansion the artery rather than the vibration its walls. 
The main sound single wave rather than series vibrations. 


Some simplifications and improvements the technique optical recording. 
MAN (by invitation). Department Physiology, The George Wash- 
ington University Medical School. 

employing very thin plano-convex lens (1.0 0.75 D.), silvered 
the flat side, both focus the slit the camera and act record- 
ing mirror, one can photograph pulse and pressure records distance 
meters, thus making possible 5-fold increase the figure merit 
the conventional recorder. The source slit, backed 500 watt 
mazda projection lamp, without condensing lenses. record the details 
the femoral pulse regurgitation, system high natural fre- 
quency 400+) necessary. Since sound conducted four times 
fast hydrogen air, the frequency air transmission pulse recorders 
was quadrupled filling them with hydrogen, contradicting Franck’s 
prediction that hydrogen should increase the frequency such system 
only per cent. pressure recorder was made which can inserted 
into the femoral artery dog without permanent injury. has 
gauge needle cannula and consisting plate (carrying 
the recording mirror) brass 0.06 mm. thick soldered over the 
end em. length mm. brass tubing. The system has natural 
frequency 300 dv/sec. 


The effect destruction various portions the ventricle upon the RS-T 
segment the electrocardiogram. and Borman (by 
invitation). The Department Physiology, University Wisconsin. 
The effect infarction various portions the heart upon the electro- 

both physiological and clinical interest. The literature 

the subject reviewed recent paper Barnes and Mann. These 
and other workers shown that experimental one ven- 
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tricle produces changes the RS-T segment which are different from 
those resulting from similar processes the other ventricle. The question 
has never been clearly answered whether experimental infarctions 
various portions given ventricle produce unlike changes the 
wish report attempt correlate position lesions the left 
ventricle dogs with changes occurring the RS-T segment the elec- 
strength was used the agent destruction. Following implantation 
radon the myocardium, electrocardiograms, taken daily during the 
first week and irregular intervals thereafter, are compared with those 
taken before operation. The results occurring during the first post- 
operative days are summarized follows: 

Anterior surface left ventricle, dogs. lead all cases showed 
elevated RS-T segment. lead II, showed elevated RS-T and 
4nochange. lead III, showed depressed RS-T, elevated RS-T 
and change. 

Posterior surface left ventricle, dogs. lead all showed 
change. lead II, dogs showed elevated RS-T, and change. 
lead III, showed elevated RS-T and change. 

that experimental destruction areas the anterior 
and posterior walls respectively the dog’s left ventricle results dis- 
similar changes. 

similar study applying the right ventricle progress. 


Unilateral the limbs following lesions the pons 
and upper Hare and KELLER (by invitation). 
University Alabama. 

Constant unilateral overflexion one both limbs has been observed 
following lesions the pons upper medulla. This 
phenomenon has occurred after the following lesions the lower pons and 
upper medulla: hemisection the brain-stem opposite the limbs that 
overflexed. sees that the overflexion more marked when the lesion 
extends slightly across the mid-line; section the medial segments, with 
more lateral extension the side opposite the overflexion. 

Overflexion did not occur following: hemisection the stem through 
the thalamus mid-brain, even after complete unilateral removal 
the mid-brain; unilateral bilateral section the lateral quarter seg- 
ments the pons upper medulla. was therefore not due the 
absence rubro-spinal tract; unilateral section lateral quarter 
segment one operation and the removal the anterior part the cere- 
bral hemisphere the same side subsequent operation; hemisec- 
tion the spinal cord upper cervical levels; hemisection medulla 
below the cerebella peduncles. 


The discharge impulses the optic nerve response flashes light 
short duration. The Johnson Foundation, Uni- 
versity Pennsylvania. 

quantitative study has been made the discharge impulses 
single fibre the optic nerve response stimulation the eye 
flashes light short duration (less than 0.1 second). The 
the excised lateral eye and optic nerve Limulus; the method consists 
obtaining oscillographic records the action potentials small strand 
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the nerve containing only one active fibre. The total number 
impulses discharged, their maximum frequency, and the reciprocal the 
latent period are all increased increasing the energy the flash. 
produce given constant response necessary only for the energy 
the flash (product intensity into duration), remain constant; this 
reciprocity law holds quite accurately provided the duration does not 
exceed certain critical value. The precise quantitative relation between 
the various features the burst impulses and the energy the stimu- 
lating flash and parallelism drawn between the behavior 
this preparation and that other visual systems. 


woop (by invitation) and (by invitation). University 
Buffalo. 

The histological changes the adrenal cortex associated with vitamin 
deficiencies suggested experiments with cortical extracts. Extracts con- 
taining cortin have been administered two series animals, one defi- 
cient vitamin and the other deficient vitamin R;. Cortical extract 
delayed the onset scurvy guinea pigs receiving basal ration only and 
those with half-protective dose vitamin addition the basal 
diet. This was indicated both the weight curves and the scurvy 
Vitamin was removed from the extract using ethyl ether. 
mouth was without effect. 

Injections cortical extract likewise delay the onset symptoms due 
diet deficient vitamin When the extract fed the same amount 
when injected, protection afforded. Results, therefore, suggest 
that cortical extract aids the utilization both vitamin and 
vitamin 

Carr first showed that cortical extract made according the Swingle 
and Pfiffner method did not support lactation adrenalectomized rats. 
Likewise our routine extract containing cortin does not support lactation. 
However, have obtained substance other than cortin from the adrenal 
cortex which, added cortin, does support lactation. With this com- 
bination, has been possible rear from per cent the young 
borne adrenalectomized mothers compared with per cent animals 
reared normal stock. 

The preparation which supports lactation has given positive results 
the crop glands pigeons. ‘The evidence seems conclusive that the 
adrenal cortex produces second hormone for which propose the name 
cortilactin. 


The effects high fat diets respiratory metabolism and ketosis. 
(by invitation), JoHNSON (by invitation) and 
The Department Vital Economics, University 
Rochester, Rochester, 

Since the earlier report this subject two years ago, additional experi- 
ments the human subject and pig have confirmed the occurrence 
respiratory quotients too low accounted for the formation 
sugar from protein glycerol both the ketosis produced. 
the present paper attention directed the amount correction possible 
from the several factors; another possible explanation low R.Q.’s and 
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the phenomenon adaptation improved tolerance for high fat. 
Maximum production sugar from protein might, these experiments, 
account for depression the R.Q. 0.025. Production sugar from 
glycerol, assuming that only glycerol the fat actually metabolized 
available, would account for depression not more than 
rection for the demonstrable ketosis and consequent ammonia formation 
would not account for more than 0.005. most the combined effeet 
all these factors would not account for quotients, high butter fat, lower 
than 0.69. Many quotients lower than this have been found. sug- 
gested that the 6-oxidation fatty acids the uptake may for 
time outrun the production CO, and thus account for early low R.Q.’s. 
Failing this, there escape from the conclusion that quotients lower 
than 0.69 these experiments denote conversion fatty acids 
bohydrate. 

Attention directed also the specific dynamic action the butter 
fat, the contrasting effects the theoretical yield glycerol, the 
absence any relationship between respiratory quotients and ketosis 
and finally the influence cold producing low quotients. 


Injury potential, oxygen consumption, and irritability frog muscle 
affected potassium. (by invitation). The Depart- 
ment Physiology, School Medicine and Dentistry, the University 
Rochester. 

Several physiological processes the resting, isolated muscle have been 
studied under the influence varying potassium concentrations Ringer’s 
solutions buffered with phosphate 7.25. The range concentra- 
tions varied from 150 mgm. per cent The rate consumption 
was found remain constant over the range mgm. per cent, beyond 
which there occurred sharp increase. The optimum concentration for 
cent, the irritability falling off rapidly either side this concentration. 
The membrane potential decreases with increasing concentrations 
the environment, reaching per cent the normal mgm. per 
cent (when the irritability reaches zero). was attempted corre- 
late potassium uptake the muscle with increases the acid 
phosphocreatine contents. Such increases were found concentrations 
greater than mgm. per cent, but they were insufficient amount 
balance the uptake which begins mgm. per cent. general 
the uptake causes increased alkalinity and small resynthesis 
phosphocreatine. 


tion), MADELEINE (by invitation) and Drinker. The 
Department Physiology, Harvard School Public Health, Boston, 
Mass. 

Several investigators the past have demonstrated discrepancy be- 
tween the sugar concentration blood and thoracic duct lymph. The 
positive lymph-blood difference appears increased following carbo- 
hydrate ingestion. 

The scope the present work includes investigation peripheral 
lymph sugar exists both the normal state and during disturbances 
metabolism. 
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The effect exercise the digestive work the stomach. 
HELLEBRANDT (by invitation). The Department Physiology, Uni- 
versity Wisconsin. 

The digestive secretory cycle man being studied gastric intubation 
and fractional analysis. Boas meal strained oatmeal gruel intro- 
duced under gentle pressure way Rehfuss tube and the saliva 
continuously aspirated suction. The samples withdrawn are titrated 
for free and total acidity and for total chlorides. After the establishment 
the resting response, gentle exercise, short violent exercise speed, 
protracted severe exercise endurance taken and the deviation the 
secretory curve determined when the muscular work precedes and when 
follows the meal. Gentle exercise augments secretory activity. Severe 
protracted exercise induces anacidity which may last long one 
hour and which followed delayed hyperchlorhydria and hyper- 
secretion. Short violent bouts exercise likewise produce anacidity 
and delayed but markedly augmented secretory activity. The con- 
comitant changes blood sugar, and alkali reserve are being studied. 
Total emptying time determined testing the aspirated gastric samples 
with iodine for starch. 

Further studies the motor activity the stomach are being made 
recording the digestive contractions with balloon and tambor, and 
the administration opaque meal with fluoroscopic examination. 
The gastric shadow visualized periodically during the whole the diges- 
tive cycle, its area measured, curve emptying time obtained and 
the influence physical exertion upon determined. 
severity which produces anacidity also brings about muscular atony and 
early delay emptying which followed hypermotility. Gentle 
exercise hastens emptying time. The records with the 
balloon and tambour likewise show increased peristalsis after mild exer- 
cise. double intubation was observed that the termination diges- 
tion marked the disappearance the starch test from aspirated 
gastric samples, accompanied the onset hunger contractions. 


The change the electrical resistance the human body with frequency and 
its significance the quantitative measurement the thermal dose 
diathermy. ALLAN (by invitation). Laboratory Physi- 
ological Chemistry, University Minnesota, Minneapolis. 

means wheatstone bridge, designed measure resistance 
and reactance frequency range 1.5 million cycles per second, the 
electrical resistance the human body has been measured with electrodes 
position diathermy treatments. With alternating current 
one million cycles per second, the high frequency ohmic resistance 
the human body using diathermy electrodes varies from 200 ohms, 
depending the position the electrodes. 

low frequencies (one thousand cycles per second) the ohmic resistance 
from times great the resistance measured with million cycle 
current. the frequency increased the ohmic resistance approaches 
asymptotic lower value. The parallel capacity also decreases asymp- 
totically zero the frequency increased one million cycles per 
second. 

These measurements indicate that the frequency the alternating 
current increased values the diathermy range (500 3000 kilo- 
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cycles) the diathermy resistance becomes pure resistance with the reac- 
tive impedance factors becoming zero. Hence, order measure the 
heat dosage calories per second received the patient during treat- 
ment, necessary merely measure the diathermy healing current and 
the effective voltage, where the heat received calories per second 0.24 
times voltage times current (amps.). 


asphyxia and acidosis. YANDELL HENDERSON, ELLEN 
(by invitation) and Leon (by invitation). 
Laboratory Applied Physiology, Yale University. 

now generally assumed that even slight degree anoxemia in- 
duces increased formation lactic acid and acidosis. Our inves- 
tigations show that this conception the effects moderate anoxemia 
have been confused with those asphyxia. 

Dogs rebreathed the air spirometer through alkali, and were thus sub- 
jected progressive decrease oxygen. The effects upon respiration, 
blood alkali and lactic acid two sharply differentiated stages: 
anoxemia down per cent oxygen the inspired air; and as- 
phyxia below per cent and down per cent which death 
curred. 

the first these stages respiration was increased; the the blood 
was raised (alkalosis), the alkali gradually decreased; but lactic acid was 
not increased. 

the second stage the was lowered (acidosis); the alkali was de- 
creased; the lactic acid was greatly increased; but respiration, instead 
increasing, was depressed and finally failed. 

These facts indicate that oxygen deficiency does not influence breathing 
lowering pH. acts through quite different means than does 
Anoxemia increases the sensitivity the respiratory center its specific 
stimulus. Asphyxia decreases, and finally abolishes, the sensitivity. 
The strength the stimulus required induce respiratory activity 
inversely proportional the sensitivity. Neither oxygen nor oxygen 
deficiency stimulus breathing. The specific stimulus the 
the blood; and CO, the chief factor, determining the strength that 
stimulus. 

Activity, depression, failure breathing thus determined two 
factors: degree sensitivity, and strength stimulus. Oxygen 
largely controls one, and CO, the other. counteract asphyxial depres- 
sion oxygen needed restore sensitivity and CO, increase the stimulus. 


Some physological responses following distention isolated intestinal loops. 
versity Wisconsin. 

have previously reported that dogs distention Thiry fistulae 
the jejunum produced all the symptoms acute intestinal obstruc- 
tion. further experimentation, studied the effect such distention 
upon gastro-intestinal motility. Records were taken hunger contrac- 
tions dogs with Thiry fistulae. Distention the fistulous intestinal 
loop temporarily reduced gastric tonus and weakened the hunger contrac- 
tions and sometimes completely stopped all motility. Pressures necessary 
produce these effects ranged from mm. some cases, 
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gastric motility overcame the inhibitory impulses from the distended 
fistula one two minutes, while other cases longer time was neces- 
sary. Intestinal distention for one four days caused permanent cessa- 
tion all gastric motility. this stage, complete anorexia prevailed. 
This inhibition was entirely neurogenic and was not due reduced blood 
volume and chlorides because gastric motility did not return following 
transfusion with Ringer’s solution, but returned within one two hours 
after removal the intestinal distention. Furthermore, distention 
denervated Thiry fistulae had influence gastric motility. 

ascertain the effect intestinal distention upon the motility the 
digesting gastro-intestinal tract, fluoroscopic examinations were made 
six dogs after giving barium milk stomach tube. distention 
the Thiry loop had produced complete anorexia. All gastric motility 
had stopped this stage the experiment. the distending pressure 
dropped low level was removed, the stomach discharged barium 
and active intestinal peristalsis appeared. mm. 
pressure promptly stopped all gastro-intestinal motility. Anorexia 
these cases unquestionably due nervous impulses from the dis- 
tended loops. 

This report included studies the chemical composition the intes- 
tinal juice before and during distention the loop. 


Transmission pressure within the cerebro-spinal system. 
MAN, SEAGER (by invitation) and (by invitation). 
The Department Physiology, St. Louis University School Medi- 
cine, St. Louis, Mo. 

Interpretation observations the cerebral vasculature, required in- 
formation the transmission pressure within the cerebro-spinal sys- 
tem and the significance pressure measurements made one point 
for pressures elsewhere the system. Using specially devised mem- 
brane cannula and adaptation the bubble manometer, have recorded 
intra-spinal and intra-cranial pressures simultaneously and continuously 
from several points without displacement cranial spinal contents 
into the recording system. With the animal the horizontal position, 
have found that pressure changes are usually well equalized within the 
cranium, least above the tentorium cerebelli. have found evi- 
dence important blocks the transmission pressure inside the cran- 
ium, nor the transmission pressure from spinal cranial contents. 
block partially prevents transmission pressure from 
cranial spinal contents. open cannulae are substituted for the mem- 
brane cannulae the recording system, blocks transmission pressure 
frequently become apparent, but this can shown due plugging 
cannulae brain substance. This effect can occur independent sig- 
nificant elasticity the pressure recorder, and appears due dis- 
placement fluid the cannula the brain hernia. When the cannula 
thus blocked, the pressure within may become less than atmospheric 
intra-cranial pressure elsewhere falling but still well above atmos- 
pheric. 


The ketogenic-antiketogenic ratio. and (by 
invitation). Laboratory Physiology, Yale University. 
Shaffer (Harvey Society Lectures, 105) has shown exper- 
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iments vitro that the oxidation molecule glucose catalyzes the 
oxidation molecules acid. review the literature 
made this author revealed that the same ratio obtains human sub- 
jects. investigated the acetone balance the various organs 
phlorhizinized and depancreatized dogs; the former after large amounts 
acetone appeared the urine, the latter from days after operation. 
was noted that the testicle added acetone substances the blood 
only observations. Six times the testicle removed these sub- 
stances. The brain had effect the concentration the ketone acids. 
the other hand, observations the gastro-intestinal tract, the heart 
and the skeletal musculature revealed that these organs were usually 
simultaneously either adding, making change removing acetone sub- 
stances from the blood even though the liver was continuously pouring 
these substances into the blood stream. The fact that the organs were 
not exerting the same influence the concentration the acetone sub- 
stances indicates that strictly stoichiometrical ratio obtains the 
various organs the dog. 


Changes the skeletal muscle the rat following denervation. Harry 
Iowa. (Read title.) 

Chemical, and physiological studies have been made the 
rat’s gastrocnemius muscle various periods from three forty-two 
days after section the sciatic nerve. employing the entire muscle 
sample for analysis was possible determine per cent changes 
composition and the amounts the various substances that 
had been lost from the denervated muscle during any designated period. 
The extent change was determined comparison with the control 
muscle from the same animal. 

The rat was found very satisfactory animal upon which study 
this problem. The rate atrophy was exceedingly rapid and uniform. 
The loss weight any given period time was constant fraction 
the amount available for loss. The changes were similar 
those described for other species and consisted progressive loss 
cytoplasm from the muscle fibers and relative increase the mass 
connective tissue and nuclei. The presence fibrillary contractions and 
typical reaction degeneration was noted early three days after 
denervation. 

was found that creatine, total acid-soluble phosphorus, adenosine- 
triphosphate, total nitrogen, extractable nitrogen and potassium were 
lost from the denervated muscle rate which closely paralleled that 
the weight loss. The fall concentration these substances the 
denervated muscle attributed relative increase the amounts 
non-muscular tissue which these are absent present 
lower concentrations. early and marked lowering glycogen and 
phosphocreatine was observed. This decrease attributed the effects 
the activity fibrillary contractions and increase the relative 
amounts non-muscular tissue. 


the absence spinal parasympathetic fibers the dorsal spinal nerve 
roots the cat. Department Anatomy, Stanford 
University. (Read title.) 

Seven, fourteen, sixteen and seventeen days following section the 
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dorsal spinal roots proximal the ganglia the lumbosacral segments, 
Marchi preparations failed show degenerating myelinated fibers the 
corresponding dorsal root ganglia and peripheral nerves. This shows 
that there are myelinated fibers any size whose cells origin are 
within the spinal cord and whose course the dorsal roots confirma- 
tion large number older workers and contradictory the work 

another series, the dorsal root ganglia were removed consecutive 
segments the lumbosacral region (18, 22, and days degeneration), 
the lower thoracie and upper lumbar region where preganglionic visceral 
efferent fibers pass over the ventral roots (10, and days degeneration), 
and the second cervical segment (15, 19, and days degeneration). 
Pyridine silver preparations cut serially different planes through the 
spinal cord and the appended roots did not support the presence 
efferent the dorsal roots. Incomplete degeneration the root 
entrance and regeneration even following removal the sensory ganglia 
have introduced considerable difficulty the interpretation the prep- 
arations and probably account for previous conflicting results. far 
this morphological evidence goes, the law the roots still seems 
valid when applied the dorsal roots mammalian spinal nerves. 
other words, there are spinal fibers which arise 
the spinal cord pass via the dorsal roots the cat. 


Basal metabolism senility. and Matson (by 
invitation). Ohio State University. 

The basal metabolism fourteen aged men and seven aged women has 
been measured. There were pathological conditions any the 
subjects except those resulting from senility. men ranged age 
from years, the average being 82. The women’s ages ranged from 
106 with average years. All tests were made with Bene- 
dict-Roth apparatus. Each subject was tested least two different 
days. case the first two tests did not agree within five per cent the 
tests were continued succeeding days until agreement was obtained. 
Results were computed according both the Harris-Benedict and the 
Aub-DuBois standards (Krogh modification). The best agreement was 
obtained with the Harris-Benedict standards. The average for all four- 
teen men was only 2.2 per cent higher than the average figure obtained 
from the Harris-Benedict prediction formula. Eleven the fourteen 
subjects varied less than per cent from these standards. The average 
variation was 6.9 per cent. When judged the basis the Aub-DuBois 
standards this group men showed average metabolism —5.73 per 
cent. The average deviation was 7.97 per cent. According the Aub- 
DuBois standards the men had metabolic rates below normal, 
while according the Harris-Benedict standards were minus and were 
plus. 

There was greater deviation from the standards among the women. 
The average deviation from the Harris-Benedict standards was 11.58 per 
cent and from the Aub-DuBois 9.79 per cent. All seven the women 
were minus according both standards. The oldest subject tested was 
woman 107 years old. She had oxygen consumption 83.1 
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cc. per minute. total calories per hour were 23.99 and calories per 
hour per sq.m. body surface were 21.25. 


Analysis electrical responses from lateral-line nerves fishes. 

Clark University. 

Nerve impulse records from lateral-line nerves Ameiurus 
nebulosus, and trout show that the lateral-line organs are state 
continuous activity producing massive discharge impulses. Experi- 
ments with catfish indicate that the discharge may increased direct 
pressure the skin over the lateral-line canal, ripples the water, 
currents water, and movements the fish’s trunk. 
ously discharging lateral-line organs also respond vibratory stimuli from 
tuning forks getting into phase and beating synchronously fre- 
quencies ranging from per second. This frequency independent 
the frequency the tuning fork for fork frequencies 100, 200 and 250 
dvs. which were used. 

The discharge the lateral-line system varies with temperature accord- 
ing the Arrhenius equation, giving temperature 5050 
calories. Temperature changes between and 30° Centigrade produce 
nerve impulses spinal and facial nerves supplying the skin. Correlating 
behavior experiments indicate that fishes discriminate temperature 
means the changing spontaneous frequencies impulses discharged 
from the lateral-line receptors. The system serves, therefore, thermal 
analyser well pressure analyser. 

cutting the lateral-line system leave functional only one 
group receptors and chilling the preparation usually possible 
get responses from only one fiber the lateral-line nerve. Families 
curves describing the frequency discharge from the receptors, both 
function the number active receptor groups the one hand, and 
function temperature the other, along with curves describing 
the variability the discharge function these two independent 
variables, form the basis for quantitative analysis the spread 
damage along the lateral-line system result operative manipulation. 


Interneuronal connections (Bouton the human spinal cord. 
Horr (by invitation). Laboratory Physiology, Yale University. 
Soon after Golgi’s publication (1885) method for staining chrome- 

hardened nerve tissue with silver solution, there followed the discovery 
Held (1897) the boutons Endfiisse. Since then, they have 
come recognized the synapses the central nervous system. 
These minute endings which surround the nerve cell bodies spinal cord, 
cerebellum and cerebral cortex have been reinvestigated using the improved 
reduced silver technique Cajal (E. Hoff, Roy. Soc. 1932, exi, 
175; hours after section the posterior nerve 
roots (cat) the boutons undergo degenerative swelling and granulation, 
reaching climax three days. Complete destruction the terminals 
occurs after four six days. The recognizable degenerative swelling 
the boutons following section fiber tracts has provided 
accurate means ascribing pyramidal tracts cat and monkey. has 
been found that some end directly anterior horn cells but that large 
proportion (60 per cent monkeys) end internuncial cells. 


q 
q 
= 
4 
: 
a 
4 
q 
4 
4 
4 
q 
a 
if 
4 


AMERICAN PHYSIOLOGICAL SOCIETY 


With the same staining technique has now been possible demon- 
strate that characteristic boutons exist the human spinal 
cord. The material was taken from 10-year old child showing autopsy 
apparently normal brain and cord. these preparations, the synapses 
stain round elliptical loops size and shape similar those lower 
primates and cats. The terminals lie contact with the dendrites and 
cell-bodies, and was found for the synapses cats and monkeys, 
impossible demonstrate continuity between the boutons 
and the intracellular structures. 


Labyrinthine and neck single motor neurones soleus muscle. 
Horr (by invitation). Laboratory Physiology, Yale University. 
The responses single soleus motor neurones repetitive stimulation 

contralateral nerve have been described Adrian and Bronk and 
Denny-Brown, and also Eccles and Hoff. Other workers have studied 
the influence reflexes from higher centers the extensor neurones and 
have shown that labyrinthine reflexes may elicited deafferented ex- 
tensor muscles the forelimb. The extensor muscles the hind limb, 
which usually take less active part these reflexes respond even when 
fully deafferented and the discharge single motor units has been recorded. 
The reflex was elicited rotating the head (chin toward the recording 
soleus muscle) and when discharge was established could arrested 
rotating the head the opposite direction. Both labyrinthine and neck 
reflexes were thus involved. Single units were obtained cutting down 
the ventral roots until but single fiber supplying soleus remained. The 
electrical responses were recorded string galvinometer without 
amplification. 

The discharge single soleus motor neurones under these conditions 
very similar that obtained from the crossed extensor reflex. The initial 
double response followed lengthened interval before the next response, 
noticed Denny-Brown and Eccles and Hoff, present and found 
more regularly those units having higher rate discharge. After the 
first two discharges, the maximum rate almost once attained, and 
maintained until the position the head changed. When the head 
rotated the opposite direction the discharge gradually slows, and when 
the rate has dropped third its maximum, discharge ceases. This 
variation rate may from per second. Thus far the reflex has 
not been obtained units high threshold and higher rates discharge. 
has not yet been settled whether the slowing and final arrest dis- 
charge due the arrival the motor neurone inhibitory impulses 
simply cessation excitatory impulses. 


Concerning the influence exerted differentiation certain amino acids 
New York University, Washington Square College, New York City. 
(Read title.) 

The importance organic iodine differentiation having been estab- 
lished thyroid and thyroxine researches and the presence cyclic amino 
acids stimulus similar that thyroid derivatives having been indi- 
cated experiments reported before, next studied these amino acids 
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supplemented inorganic iodine. Inorganic iodine alone never produced 
prompt response, expected iodine itself were active. There evidence 
that iodine become active requires other factors (proteins protein 
derivatives). 

Rana sylvatica tadpoles were given low basal diet (banana, 0.208 
per cent plus one amino acid glycine, leucine, alanine, arginine, cys- 
tine, lysine, phenylalanine, tryptophane, tyrosine, histidine. was 
added the water. Banana-iodine animals did not complete metamor- 
phosis, only approaching the final stages and much later than the normal. 
Addition amino acid improved the differentiation rate, especially 
phenylalanine, tyrosine, tryptophane, histidine. Tyrosine and trypto- 
phane were noticeably advance. Phenylalanine produced the first 
frog, days after the control. II. non-nitrogenous basal diet 
rose, dextrin, cod-liver oil) phenylalanine animals, maintained 110 days, 
advanced slightly more with than without iodine. Further, tyrosine, 
differentiation though not extensive began sooner with 
previous experiments certain acids supported maintenance, others 
growth, differentiation acids acting best when maintenance was good. 
Therefore, supplemented phenylalanine, tryptophane, tyrosine, resp., 
with leucine (maintenance) and arginine (growth), adding iodine. 
six weeks, phenylalanine animals with and without iodine ran parallel, 
thereafter the former were more advanced. animals 
soon ran ahead the non-iodine group, later markedly so. tyrosine, 
differentiation began somewhat earlier without, but shortly advancement 
was exceedingly greater with iodine. extent differentiation, the 
groups ranged follows: tyrosine <phenylalanine-iodine <tryptophane- 
iodine <tyrosine-iodine. 

practically every case, addition amino acid banana-iodine 
increased the differentiation response though not always the growth 
response. Phenylalanine produced the first complete undersized frog. 
Tryptophane and tyrosine were far superior during the early period, though 
not completing differentiation soon. With arginine-leucine plus 
alanine, tryptophane, tyrosine, resp., partial differentiation 
which effect was markedly enhanced iodine. 


Cardiac metabolism during ventricular fibrillation. Hooker and 

(by invitation). Johns Hopkins University. 

Using the recirculation system Locke and Rosenheim, have studied 
the carbon dioxide output and the sugar consumption the isolated dog 
heart before, during and after period ventricular fibrillation. There 
appears substantial increase both these factors during fibrilla- 
tion. The averages for three completed experiments (heart weight 61.8 
gm.) were follows: 


DEXTROSE 
CONSUMPTION 
(MGM. PER HOUR 


CO: ovrput 
MGM. PER HOUR) 


Fibrillation period............. 111.61 
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have also analyzed the perfusate leaves the isolated heart for 
its content calcium and potassium before and after electrical stimu- 
lation sufficient establish permanent fibrillation, recover 
norma! beat fibrillating heart. Following these stimulations the cal- 
cium content the perfusate remains unchanged but the potassium con- 
tent shows appreciable increase, i.e., from 13.30 mgm. per cent 15.32 
mgm. per cent (average five experiments). The liberation potassium 
the cardiac muscle fiber thus appears related electrical 
activation the tissue and not, was first thought, the condition 
fibrillation. 


The milieu germ cells and embryonic tissue hypotonic adult blood. 
Howarp (by invitation). Johns Hopkins Medical School. 
The normal environment germinal and early embryonic tissue 
birds and mammals maintained lower osmotic pressure than the 
environment adult tissue. 

This has been demonstrated determinations the freezing point 
depression the immediate milieus the germ cells, namely, follicular 
fluid (pig, cow), ova hen, uterine fluid ovulation (pig), and seminal 
fluid (dog), all which freeze —0.38° —0.42°C., contrast the 
value for adult bloods, which —0.57 —0.61°. Likewise, the allanto- 
chorionic fluid embryos about mm. length (pig), before implanta- 
tion, freezes —0.42°. The amniotic fluid rises from low value (earliest 
determinable amount gave —0.48°C. mm.) —0.55°C. during 
implantation, and then maintained this level Later, 
variations the allanto-chorionic and amniotic fluids 
fluids lose their immediate tissue 

The low osmotic pressure the natural embryonic environment the 
mammal and bird may explain previous demonstrations that dilution 
the medium favors growth invertebrate material and tissue cultures 
(Jacques Loeb, Snyder, Carrel and Burrows, and others). The natural 
embryonic hypotonicity indicates fundamental difference the physico- 
chemical equilibria which govern tissue with high growth potentiality. 


The bone-forming properties the gall-bladder epithelium. 
and (by invitation). The Department Surgery, The 
University Chicago. 

The fact that the gall bladder epithelium stimulates certain connective 
tissues form bone was proven ways. dogs the dome the gall 
bladder was amputated and the defect repaired with free transplant (ap- 
proximately cm.) connective tissue from the sheath the rectus 
abdominis muscle: repair was accomplished suture with one layer fine 
silk continuous stitch. The epithelium the gall bladder grew across 
and beneath the connective tissue the transplant, plaque bone 
formed; cartilage was not observed. Bone also formed similar trans- 
plants bile free gall bladders with the cystic duct sectioned: the mucus 
filling the lumen, small concretions composed mainly CaCO; were found 
each instance when the duct was occluded. 

dogs and guinea pigs, transplantation opened segment the 
gall bladder wall was made the connective tissue the abdominal wall. 
The transplant grew the form small multiloculated cysts. 
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dogs, and guinea pigs, bone was formed the connective tissue 
subjacent the transplanted epithelium. 

Evidence presented regarding the functional differentiation connec- 
tive tissue; certain connective tissues form bone under the stimulus 
epithelium, whereas others not. 


The response the spinal cord two (by invita- 
tion) and Gasser. The Department Physiology, Cor- 
nell University Medical College. 

The character the action potential produced the spinal cord the 
cat single induction shock placed various intervals after preced- 
ing conditioning shock was studied. 

The negative potential cats under light ether anesthesia decere- 
brate animals with good circulation was found have component crests. 
Unlike the first crest the later crests are susceptible narcosis. 

With weak conditioning shock and strong testing shock the first 
negative wave decreased less than the later ones. The latter are first 
affected separations large enough for the later negative waves the 
conditioning shock have formed. When the testing shock falls after 
the negative wave the conditioning shock the later waves may abol- 
ished altogether. Stronger conditioning shocks also greatly depress the 
first negative wave. All the negative waves improve along characteris- 
tic curve the shocks are separated, but complete restoration not 
attained until the wave which records the positive direction completed. 
This variable time the positive wave has not the same duration 
all experiments. 

Depression the second response greater extent than can ex- 
plained complete refractoriness all the neurones responding the 
conditioning shock, has been demonstrated experiments which the 
potential added the second shock was less than should have been the 
case had all the neurones stimulated the latter, applied isolation, but 
not stimulated the conditioning shock, been able respond. 

The positive wave set the simultaneous stimulation two adjac- 
ent homolateral roots but slightly larger than the components. 

When the second shock falls the period the negative potentials 
the first shock the reflex contraction produces the homolateral 
anticus muscle usually facilitated; when falls after this period often 
produces smaller reflex than when the only stimulus. 


The relation between chloride and bicarbonate the developing trout 
LAURENCE and JEANNE (by invitation). Depart- 
ment Physiology, University Toronto. 

During the development the egg the salt water minnow, Fundulus 
heteroclitus, the bicarbonate content the egg gradually increases. Since 
the trout egg developing fresh water maintains practically constant 
salt content, seemed likely that any increase bicarbonate concentra- 
tion during development would necessitate some compensatory loss the 
concentration other anions. The anions most likely lost would 
chlorides. was first shown that during about days’ development 
the water and solid content the trout eggs did not consistently vary 
sufficiently alter the concentration relations. Next was shown that 
the bicarbonate ion concentration gradually from 0.00044 
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0.00215 millimol per gram just before hatching. Simultaneously the 
chloride concentration diminished from 0.040 0.0298 millimol per gram. 

The loss chloride was some ten times great the gain bicar- 
bonate, that some other compensating ionic change must also occur. 
Excretion neutral salt unlikely, since reported Gray that the 
freezing point depression and conductivity the eggs not change. 
There may change the point protein, but that could 
hardly adequate. quite possible, however, that during the metab- 
olism organic phosphates growth certain amount new inorganic 
phosphate developed. 


The influence extirpation the motor and premotor areas the upon 
the retention and execution acquired skilled movements 
JACOBSEN (by invitation). The Laboratories Comparative Psy- 
chobiology and Physiology, Yale University. 

Monkeys and chimpanzees were trained opening problem boxes 
varying degrees difficulty until the pattern response was well estab- 
lished, the problem learned. The influence unilateral and bilateral 
extirpation the arm representation (area Brodmann) and area 
upon the retention and execution these learned skilled movements were 
studied. 

Extirpation area resulted in: temporary flaccid paralysis (see Ful- 
ton and Kennard, these Proceedings), and residual motor deficit the 
finer adaptive movements the wrists and fingers which was more pro- 
found the chimpanzee than the monkey. result there was slow- 
ness and lack smoothness execution movements necessary open 
the boxes, although the pattern response and orientation the situa- 
tion was not disturbed, there was loss for the problem 
was indicated the fact that the feet were often employed 
manoeuvres formerly executed the hand. 

Isolated lesions area chimpanzees (area intact) produced: 
forced grasping and paresis; transient loss finer responses 
the fingers and wrists, and impairment the pattern response the 
problem boxes which necessitated specific the problems 
involved. This loss was not due lack orientation the problem 
situation inability make finely adjusted movements, but appeared 
the result deficit certain complex patterns movement. 


The thyroxine content thyroglobulin. (by invitation) 
and Department Physiology, the University 
Chicago. (Read title.) 

Harington and Randall estimated thyroxine the thyroid gland 
hydrolysis for hours with NaOH and adjusting the 5.0. They 
assumed that all the thyroxine was the acid-insoluble fraction and that 
other form iodine was present this fraction. Leland and Foster 
have thrown doubt the last assumption showing that the acid-in- 
soluble fraction yielded some acid-soluble iodine upon further hydrolysis. 
The latter authors hydrolyse for longer time and extract the thyroxine 
with butyl Using this method they found much less thyroxine 
the thyroid. have confirmed their method for extracting thyroxine. 


National Research Fellow. 
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partial hydrolysis thyroglobulin and bringing the 5.0, 
have separated the iodine into acid-soluble and acid-insoluble fractions 
When the method Harington and Randall was applied the acid-soluble 
fraction, much per cent the iodine became acid-insoluble. The 
same fraction yielded considerable thyroxine the method Leland and 
Foster. seems therefore, that hydrolysis incomplete, adjusting the 
5.0 may not precipitate all the thyroxine. 

When both the above methods were applied four samples hog 
thyroglobulin, the results were consistently much higher the method 
Harington and Randall. Analysis the method Leland and Foster 
yielded about per cent the iodine thyroxine combination. 


Observations monophasic action currents obtained mammals direct 
(by invitation) and Mayne (by invitation). The Cardiovascular 
Laboratory, Department Physiology, Michael Reese Hospital, and 
the Department Physiology, University Chicago. 

has been found difficult record action currents 
mammals (viz., Drury and Brow). The present study attempt 
investigate the factors involved. 

Recently Brams and Katz recorded action currents with 
direct leads the auricles following injury the ventricles. These mono- 
curves, the present study shows, were due electrical ‘‘short-cir- 
between the recording electrodes and the injured ventricular area, 
with the non-insulated crushing metal clamp. When care was taken 
electrically insulate the clamp and the lead-off electrodes, monophasic 
curves were obtained. The importance was shown 
other experiments multiple notchings occurring the curves from in- 
direct leads following the spraying the heart with mercury droplets. 

II. have recorded ventricular monophasic action currents direct 
leads, lasting some minutes, simply burning through the wall the 
left ventricular apex with red-hot wire 1.5 mm. diameter, and using this 
point for one the lead-off electrodes. curves were also 
obtained (a) simple ligation small region the ventricles, and (b) 
pressing the area beneath one electrode. this way were able 
show variations the duration the curves shifting the 
point application the other lead-off electrode. thus confirm the 
hypothesis stated Katz. 

III. curves were obtained indirect leads (leads and 
III) some experiments crushing the base the heart, and 
injection per cent into various regions the myocar- 
dium the left ventricle form area injury from em. 
diameter. 

These experiments show that under suitable conditions monophasic 
action currents can obtained the mammal readily cold-blooded 
vertebrates, following recent coronary occlusion man. 


Changes the chemical elements the blood after excitement. 
Karz (by invitation) and Ohio State University. 
chemical analysis the blood rabbits the quiet and excited state 

was made order determine the factors which cause the increase 

the specific gravity blood after emotional excitement. 
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From rabbit which vecome accustomed being 
handled ce. blood were obtained from the heart means 
syringe for analysis. About fifteen minutes later (and 
few cases one hour) the rabbit was fastened animal holder and 
teased for approximately five minutes being stimulated from time 
time weak interrupted current. Then second sample (10 
blood was immediately withdrawn from the heart. 

The constituents analyzed were sugar, non-protein, nitrogen, urea, 
preformed creatine, total creatine, uric acid, amino acid, nitrogen (Folin 
and method used all preceding tests) calcium, (Roe-Kahn) inorganic 
phosphorus (Briggs), chlorides (Whitehorn), cholesterol (Day and Bollinger) 
and hemoglobin (Newcomer). 

The averages the results obtained the blood rabbits the 
quiet and excited states are shown table 


TABLE 
Milligrams cc. blood 


QUIET EXCITED 
Non-protein 34.5 38.8 +12.3 

5.3 4.7 

12.7 14.0 +10.2 


The results show that all the blood elements studied except calcium, 
chlorides, phosphorus and amino acids are increased the average after 
emotional excitement. 

These results indicate that there mobilization the elements studied, 
and also there shift fluid from the blood into the tissue spaces after 
emotional excitement. 


The renal excretion sucrose when injected intravenously man. NORMAN 
invitation). Mayo Foundation, Rochester, Minnesota. 

have previously reported! that sucrose injected intravenously 
large amounts (40 grams) is, within hours, quantitatively excreted 
the kidneys normal individuals, while patients with impaired renal 
function the excretion more less delayed. the present studies 
smaller amounts sucrose have been injected, the order grams 
and the recovery again found quantitative. Analyses 
urine for sucrose both the acid hydrolysis and the invertase methods 
have been found satisfactory agreement. 


Wakefield and Power: This Journal, 1932, ci, 63. 
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The rate excretion normal subjects constant—strik- 
ingly repeated tests individual—averaging for the first 
hour about per cent the injected, and for the second hour 
about per cent additional. These relationships appear hold whether 
much little water excreted with the sucrose. 

The excreton sucrose relative that other substances has been 
studied conducting simultaneous determinations the sulfate, urea, 
sucrose, and creatinine coefficients clearances. normal individuals 
the values obtained are roughly 35, 50, 100 and 140 200, respectively. 
The last three are the same order and relationship has been established 
recently for dogs? and indicate, therefore, that the mechanism the excre- 
tion sucrose and creatinine different the human well the 
dog kidney. 


The independence and normal muscle tone from the 
University Alabama. 

The rubro-spinal tracts were sever cutting the lateral quarter seg- 
ments the brain-stem the level the pons. This procedure 
eliminates all the rubro-spinal fiber all the large cells the red 
nuclei disappeared animal that was maintained weeks after opera- 
The severance the rubro-spinal tracts this method did not 
eliminate the righting reflexes nor alter the normal distribution muscle 
tone. The righting reactions were tested with the animals blindfolded. 

Bilateral transverse section the medial quarter segments the caudal 
level the pons greatly impaired righting, and decerebrate rigidity ensued 
evidenced reflex standing and easily demonstrable tonic neck re- 
flexes. Our best preparation this respect has been Rhesus monkey 
(the only monkey which such lesion has been placed date). 


Digestive tract ulceration and fibrinous clots the cardiovascular system 
the dog following experimental brain Hare 
(by invitation) and (by invitation). University 
Alabama. (Demonstration.) 

Hyperemia the body the stomach and the small and large bowel 
has been observed hours more after placing lesions the base the 
brain and after hypophysectomy. varies intensity from congestion 
restricted areas deep even red all mucosal surfaces, except the 
pyloric, with extravasation blood into the lumen. the small bowel 
the hyperemia more marked the proximal duodenum; the large 
bowel confined the crests the longitudinal folds. Accompany- 
ing this there frequently hyperemia the pancreas and hemorrhagic 
lymph nodes. 

Erosions, 0.2 em. diameter, have occurred the body the 
stomach near the pyloric antrum the crests the folds, and the duo- 
denum. They are usually multiple the stomach; less frequently 


Shannon, Jolliffe and Smith: This Journal, 1932, cii, 534. 
This investigation has been aided grant from the Ella Sachs Plotz Founda- 


tion. 
This investigation being aided grant from the Committee Scientific 


Research the American Medical Association. 


and 
ea, 
lin 
| 


AMERICAN PHYSIOLOGICAL SOCIETY 


the duodenum. Only twice have erosions occurred animals with hy- 
peremic guts. These erosions varied from localized necrotic areas 
craters with clean floors. 

the mouth, invariably multiple and appearing days after 
operation, have been observed after transverse prechiasmal lesions. These 
ulcers occur the under surfaces the tongue and the deep recesses 
above and below the gums where trauma most unlikely The 
more exposed gums, lips, and linings the cheeks also ulcerate. The 
ulcers constantly ooze blood and become progressively larger and deeper. 
They have not been associated with gross pathological changes the 
gastro-intestinal tract, nor have such stock other 
operated animals living the same conditions. 

White fibrinous clots, which are not adherent walls the chambers 
the heart the vessels, have been found autopsies dogs with basal 
lesions. maximal reactions, these clots were continuous through the 
valvular orifices and could even traced the smaller vessels the 
lungs. They were enmeshed with the chordae tendinae the cuspid 
valves and were present all vessels entering leaving the heart, even 
the coronary arteries. When found vessels containing blood, the red 
clot coated the periphery the white clot. 


The effect carbon dioxide upon arterial blood pressure and vasomotor re- 
flexes barbitalized dogs. Department Physiology, 
Vanderbilt University School Medicine, Nashville, Tennessee. 

The administration dioxide barbitalized dogs, care being 
taken maintain adequate oxygen tension the air, results 
arterial blood pressure. has been obtained repeatedly 
with the dioxide the inspired gas ranging from volumes 
cent. When the same procedure carried out dogs anesthetised 
with ether, urethane, morphine, decerebrated animals, the arterial 
blood pressure usually rises. these animals, when high percentages 
earbon dioxide are used,—25 volumes per cent and up, the arterial pressure 
first rises then falls. The depth narcosis, regardless the means em- 
ployed induce it, important factor determining the end result. 

The above stated conclusions are based upon results obtained from 
animals which the degree anesthesia was all cases comparable 
and maintained uniformly possible. decerebrated dogs pressor 
reflex can quite constantly obtained stimulation the central stump 
the sciatic with the current, but after barbitalization, much 
stronger stimulus must employed, and frequently impossible 
obtain any vascular reflex from the sciatic except depressor one. This 
holds for animals which the knee jerk and flexion reflexes are easily 
elicited. 

The fall arterial pressure resulting from increase the carbon 
dioxide tension the arterial blood not primarily dependent upon 
changes cardiac activity, but upon changes the peripheral vascular 
bed. Vagal effects upon the heart, and with very high tensions the 
gas, direct depression enter into the picture and modify its details. 


Thermolability the plasma factor activation tissue extracts. JOSEPH 
Department Physiology, University Minnesota. 
The writer has found that the addition one part plasma 100 parts 
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chick embryo extract greatly increases the coagulative power the 
extract for heparin plasma (Arch. Exper. Zellforschung, 1931, 467). 

Mills and Mathews had found earlier that serum increased the power 
lung extract JouRNAL, 1922, 193). 

trying explain the tremendous increase the power extract 
brought about activation, the following points have been established. 
Serum thrombin more sensitive heparin inhibition than isocoagulant 
tissue fibrinogen (Proc. Soc. Exper. Biol. and Med., 1931, xxix, 280). 
method was developed distinguish between activation and addition 
(Ibid., 1932, xxix, was found that activated extract showed 
such sensitivity heparin would expected the increase power 
were due thrombin-like body 1932, ci, 64). Study 
the activated extracts relation their power the presence and 
absence the calcium ion again indicated that the increase power was 
due thrombin-like body Soc. Biol. and Med., 1932, xxix, 1112). 

this study citrate plasma was used for activation chick embryo 
extract (extract 20: plasma 1). Plasma was heated immersing 
water bath the temperature indicated for five minutes. general 
plasma shows change activating power below 50°C.; slight decrease 
523; marked decrease 55; the range 57} the activating power 
disappears. 

Shortening the clotting time citrate plasma taken 
measure coagulating power. 

Comparing these data with the temperature values for various coagula- 
tion factors given Gasser JouRNAL, 1917, xlii, 378) leads 
the conclusion that the plasma factor concerned activation pro- 
thrombin. 


Injury the stomach and bowel intraperitoneal use barbiturates for 
view the suggestion Dr. Keller that certain erosions and 

perforations the gut observed him may have been produced intra- 

peritoneal injection for anesthesia, seemed advisable determine whether 
not injury may occur and the changes produced. 

The occurrence inadvertent bowel wall puncture following intraperi- 
toneal barbiturates has been frequent the relatively few animals ex- 
amined. needle thrust into the lumen heals readily without noteworthy 
gross changes, but injections Nembutal into the bowel have produced 
changes ranging from small subserosal hemorrhage large ulcer the 
lining. Necrosis the mucosa has been observed within few hours. 
one dog given Nembutal intraperitoneally six days previous termination 
there was penetrating jejunal ulcer 0.3 0.7 em. surrounded 
elevated and indurated margin 0.2 0.4 em. wide. Opposite this defect 
was organizing subserosal hematoma. 

These observations have been corroborated 0.25 ec. submucosal and 
subserosal injections into the stomach and bowel Dial and Nembutal and 
the sodium salts barbital, Amytal, and Nembutal sterile per cent 
solutions. submucosal injections superficial mucosa necrosis occurred 
within hour. The maximum change attained hours usually 
consisted mucosal slough extending the muscularis with little re- 
action about it. Following subserosal injections deeper defect opposite 
subserosal hematoma occurred. have been made 
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days after injection, which time there rarely more than very small 
mucosal defect and shrunken subserosal hematoma. Distilled water, 
0.9 per cent sodium chloride and per cent glucose produced only slight 
and transient extravasation blood the tissues, presumably due 
distension the fluid. 

Insufficient data invalidates any conclusions this time but clearly 
indicated that the gastro-intestinal tract may punctured intraperi- 
toneal injection; that intramural injection some barbiturates into the 
bowel and stomach causes necrosis and that although there distinct 
tendency for these lesions heal, perforation the wall not 
ceivable. 


tion) and Krop (by invitation). Department Pharmacology, 
School Medicine, Georgetown University, Washington, 

Colorimetric estimation barbital. developed colorimetric test 
for barbital, acidulating the unknown solution, shaking with volumes 
chloroform and adding graded amounts cobalt acetate and barium hydrox- 
ide dissolved absolute methyl aleohol. The appearance and intensity 
the blue color the chloroform extract marks the presence and relative 
amounts barbiturates (Koppanyi, Murphy and Krop, 1933). 

Chemistry and specificity barbital test. This test similar the 
biuret, insofar carried out with metal alkaline medium, but 
absence water (the color probably given the carbamid residue and 
cobalt formation complex cobalt salt). The test positive with 
all acid derivatives (barbital, phenobarbital, amytal, phenyl- 
acid, neonal, dial, ipral, phanodorn pernocton, pentobar- 
bital, allylisopropylbarbituric acid). Under certain conditions compounds 
with similar configurations, such theobromine, theophylline, guanine, 
biuret, oxamide, isoamylamine also give colors resembling the positive test. 
order differentiate all these compounds from barbiturates, boil 
the unknown solution with sulfuric acid, which destroys theophylline and 
theobromine, but does not attack barbital. Biuret, oxamide, isoamyla- 
mine and other compounds giving positive biuret tests not enter the 
chloroform fraction detectable amounts. Furthermore, the color pro- 
duced compounds, other than barbiturates have decided pinkish hue 
which can enhanced adding ammonium chloride the extract. The 
more dilute solutions theophylline chloroform give color, whereas 
barbiturates give tests the same and lesser concentration. Large 
amounts biuret, thiourea, theobromine and theophylline were injected 
into dogs and rabbits and each case the test for barbital the urine 
was negative even after the chloroform extract had been concentrated ten 
times, and even the urine itself gave positive biuret test. 

short, this test carried out under the proper conditions specifie for 
the barbiturates. 

Excretion barbiturates the urine. large number dogs and 
human beings the rate disappearance barbital from the blood and 
its excretion the urine was studied. Barbital sodium barbital ex- 
creted the urine anywhere from per cent per cent the first 
week after its administration. However, usually three-fourths this 
amount excreted hours. Other barbiturates are excreted far 
smaller percentages. Diuretic measures did not enhance the elimination 
rate barbital, nor did they accelerate the recovery the animals. 
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Clinical applications. The study large number human urines 
revealed that both the positive and negative barbital tests are absolutely 
valid diagnostic measures (acute and poisonings). 


Studies intestinal movements. The Department 
Pharmacology, University Michigan Medical School, Ann Arbor. 
(Read title.) 

comparison was made intestinal activity under and iso- 
tonic conditions. The experiments were carried out dogs with Thiry- 
Vella fistulae the lower ileum. Water-filled balloons were inserted into 
the fistulae and records made means Brodie bellows. constant 
distending pressure em. water was employed. Following the in- 
sertion the balloon the intestinal musculature relaxed slowly over 
period hour more. When intestinal relaxation had approached 
maximum the balloon was connected mercury manometer. 

When the balloon was connected the bellows recording device the 
intestine was working under relatively isotonic conditions, and when the 
balloon was connected the manometer the intestines were 
working under relatively conditions. Little change occurred 
the frequency the muscular movements, but the volume displaced was 
much less with the mercury manometer than with the constant pressure 
bellows system. This relationship held for the average volume displaced 
per contraction, the maximum volume displaced per contraction, and the 
volume displaced per minute. 

The average external work accomplished the intestine per contraction 
was greater with the constant pressure system. maximum work per 
contraction and the work per minute also were greater with the constant 
pressure system. 

Ordinarily during contraction against the manometer the 
pressures changed from about mm. mercury. The highest 
recorded pressure developed under normal conditions was 103 mm. 
mercury. Following morphine and codeine the pressures developed were 
enormously increased, reaching values high 190 mm. 


Changes rheobase and sectioning motor nerve. 
BERT (by invitation), (by invitation) and 
The Laboratories Physiology, Harvard Medical School. 

Chronaxie measure excitation time depends rheobase, since 
voltage double the rheobase value used its determination. 
describes shortening chronaxie motor nerve under the in- 
fluence the central nervous system, revealed increase chronaxie 
when the motor nerve cut central the point stimulation. Corre- 
lated with the increase chronaxie decrease rheobase. 

find both decerebrate cat and frog that the motor nerve 
severed long distance from the point stimulation, little change 
chronaxie rheobase ensues. successive sections are made approach- 
ing progressively the point stimulation, each section followed 
decrease rheobase which partly temporary. The closer the section 
made the point stimulation, the more marked this decrease and the 
more largely permanent. Measurement chronaxie when the rheobase 


This investigation was supported from the Committee Drug Addic- 
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thus reduced section near the point stimulation, shows the increase 
described Lapicque, but excitation time, measured with voltage 
times the rheobase, shows very little change. complete curve 
excitation time plotted against absolute voltage, the principal change 
sectioning the nerve downward shift the curve, such would 
result section the neighborhood the stimulus facilitates excitation, 
e.g., virtue the injury current. When increment voltage above 
rheobase taken the ordinate, there often little shift the curve. 
real increase the time factor excitation follows section the 
motor nerve. Under these conditions increase chronaxie necessarily 
follows from the drop rheobase; therefore, chronaxie alone not valid 
measure excitation time. 

deem probable that this effect due proximity the section 
accounts for many the changes chronaxie, which have been ascribed 
release from central control. 


The effect anterior pituitary growth hormone the composition growth, 
and ash, nitrogen and energy balances rats under 
rial Foundation for Neuro-Endocrine Research, Harvard Medical School. 
The composition the gains weight and the ash, nitrogen and energy 

balances are compared control rats and litter mates the same sex and 

initial weight and length given daily physiologic doses growth hormone. 

The paired rats were killed and analyzed the end and weeks. 

Litter mate check rats the same initial weight were analyzed the 

beginning the experiment. The food intake was kept the same for 

control and treated rats, absolutely and not relative body weight 
surface area, despite the fact that the total weight the treated rats 
the end the experiment exceeded that the controls 507 grams, 
the equivalent two adult rats. The excess gain the treated rats 

over the controls body length was 14.9 em. and body surface was 429 

The composition the 764 grams gain the controls was: water 

45.2 per cent, fat 39.3 per cent, ash 3.16 per cent, nitrogen 2.15 per cent 

and energy 4.53 Calories per gram. The composition the 1295 grams 

gain the treated rats was: water 63.3 per cent, fat 13.3 per cent, ash 

3.71 per cent, nitrogen 3.12 per cent and energy 2.32 Calories per gram. 

The constituent gains terms the original composition were: for the 

controls—water 22.8 per cent, fat 96.8 per cent, ash 23.1 per cent, nitro- 

gen 20.7 per cent, and energy 60.9 per cent; for the injected—water 54.9 

per cent, fat 56.3 per cent, ash 46.4 per cent, nitrogen 51.5 per cent, and 

energy 53.5 per cent. The composition the gain the treated animals 
thus differed markedly from that the controls but was closely similar 
the initial composition the animals. The total nitrogen and ash elim- 
inations the controls (in urine, feces and shed hair) exceeded those 
the treated rats approximately the same amounts the relative reten- 
tions the treated rats. The relative energy retention was slightly 
favor the controls. 


Conduction time the afferent tracts the spinal cord the cat relation 
From the Department Physiology, Harvard Medical School. 

has been shown Forbes and his co-workers that the time from 


Now The George Washington University Medical School. 


q 
fat q 
| 
q 
4 
q 
4 
t 
Bit 


PROCEEDINGS 


stimulation response the case the flexion reflex approximately 
sigma, which about one-half was occupied conduction the pe- 
ripheral nerve fibres leaving about sigma the time occupied setting 
the reflex discharge within the spinal cord. 

separate research the effects ether anaesthesia sensory im- 
pulses entering the brain, similar electrical stimuli were applied pe- 
ripheral nerve. With leading-off electrodes applied the medulla oblon- 
gata, the time elapsing between stimulation and the first clearly visible 
response the galvanometer was also about sigma. 

Recently more careful measurements have been made the authors, 
which the times reflex response and the arrival afferent impulses 
the medulla from the same stimulus were compared the same animal 
and the responses both cases recorded with newly developed apparatus 
consisting string galvanometer with short tight string, four stage 
amplifier and high speed revolving mirror. These measurements again 
showed reflex time about sigma and interval about sigma be- 
tween the time stimulation and the first response the medulla. 

does not seem probable that sensory impulses can reach the cortex 
less than sigma following peripheral stimulation about 
sigma after the arrival the peripheral impulses the spinal cord. 
paring the cord conduction time with the reduced flexion time sigma 
leads the conclusion that the reflex discharge motor neurones occurs 
before the sensory impulse which evokes the reflex can reach the cortex. 
The evidence seems clearly favor the initiation such defensive 
reactions flexion reflex before the involvement higher centers. 


The absorption drugs through normal and pathological mucous membranes. 
Pharmacological Research Laboratory, Hynson, 
Westcott Dunning, Inc., Baltimore, Maryland. 

The absorption nicotine alkaloid, cocaine hydrochloride, epinephrine 
hydrochloride, ephedrine, nitroglycerin, phenol and iodine was studied 
the mucous membranes the mouth, and especially the pharynx, 
cats. The absorption cocaine, nicotine and nitroglycerin normal 
mucosa readily demonstrated registering tracings the respiration 
and the blood pressure after application the drugs. painted 
the pharynx rapidly absorbed, can proved its presence the 
urine fifteen minutes more after application. order demonstrate 
the presence iodine, which organic combinations, the urine must 
first treated with oxidizing agent. painted the pharynx 
produces superficial necrosis which interferes with the absorption other 
drugs applied afterward. Absorption phenol also indicated changes 
respiratory and blood pressure tracings. When epinephrine and ephe- 
drine are applied the pharynx, they are not sufficiently absorbed alter 
the respiration and circulation. 

Nicotine especially useful for comparing the drug’s penetrative prop- 
erties through normal versus pathological mucous membranes. One drop 
nicotine applied mucosa normal cat’s mouth pharynx causes 
death from three five minutes and produces characteristic respiratory 
and blood pressure tracings. Superficial necrosis mucosa, produced 
freezing, retards absorption penetration the drug. 
Epinephrine and ephedrine, when applied the pharynx, not retard 
penetration nicotine. sulphate, glycerites tannin and mercuric 
chloride delay absorption. and Merodicein and aluminum 
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acetate effect change the absorption time nicotine, while gentian 
violet delays it. All the experiments lead the conclusion that nicotine 
penetrates more rapidly through normal mucous membranes than through 
pathological necrotic mucosa unless these are open, bleeding vessels. 


Local anesthetic properties some aliphatic alcohols. 
Pharmacological Research Laboratory, Hynson, Westcott Dunning, 
Inc., Baltimore, Maryland. (Read title.) 

Macht and Schroeder have elsewhere described pharmacological study 
twenty-three isomeric octyl and established that they all pro- 
duce marked local anesthesia; furthermore, that combinations these 
isomers act synergistically. This suggested inquiry into the possible 
local properties other aliphatic aleohols. Accordingly, the 
first eighteen normal alcohols the series were studied. One 
per solutions these alcohols per cent ethanol were employed 
starting-point. These were diluted 1:10, yielding concentration 
1:1,000 9.5 per cent ethanol, and were tested for local anesthetic effect 
frogskin and conjunctivae rabbits. The concentrations were then 
measured for rapidity and duration anesthesia. Beginning with the 
most potent, seven the aliphatic studied were found produce 
local anesthesia the following order: octyl (1:1,000); heptyl (1:1,000); 
nonyl (1:1,000); decyl (1:1,000); undecyl (saturated solution); 
(saturated solution) hexanol (1:500). Neither propyl nor butyl nor amyl 
alcohols the primary, secondary tertiary varieties, nor con- 
taining from thirteen eighteen carbon atoms, had any local anesthetic 
effects. 


Further studies menstrual toxin. and Mary Davis 
(by invitation). Pharmacological Research Laboratory, Hynson, West- 
cott Dunning, Inc., Baltimore, Maryland. (Read title.) 

Macht and Lubin have already established quantitative methods 
plant physiology the presence toxin the blood, sweat, saliva, tears 
and milk menstruating women (Journ. Pharmacol. Exper. 
1924, xxii, 413). the present paper new data 
nature are reported. White rats were trained circular maze, and 
were injected with normal human blood serum and menstrual blood serum, 
respectively. The latter produced marked depression while normal serum 
did not. The same results were obtained with alcoholic extracts normal 
and menstrual blood. The response contraction the isolated vas 
deferens rats epinephrine was altered when had been previously 
treated with Locke’s solution containing menotoxin. Weak solutions 
menotoxin produced sensitization subsequent dose epinephrine 
while stronger solutions depressed the smooth muscle contractions. 
Response sciatic nerves rats electrical stimulation after death per- 
sists longer when such nerves have been previously soaked with saline 
containing menotoxin from either blood sweat. 

the nature the toxin, Macht’s original hypothesis correlating the 
nature menotoxin with oxycholesterin confirmed all the newer 
experiments. The choline theory advanced Patzschke and Sieburg 
(Arch. exp. Path. Pharm., 1923, xevi, 43) not supported phyto- 
pharmacological tests. The sensitization the vas deferens recalls 
similar property thyroxin, insofar bearing out the suggestion Macaggi, 
Domenico and Sivon (Arch. Antrop. Crimin., 1547). Finally, 
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delicate phytopharmacological tests fail show the presence mito- 
genetic radiations described Christiansen (Ber. botan. 
Gesellsch., 1929, xlvii, 357). 


and Mary Davis (by invitation). Pharmacological Research Lab- 
oratory, Hynson, Westcott Dunning, Inc., Baltimore, Maryland. 
(Read title.) 

known that different genera and even different species certain 
animals may react differently identical pharmacological agents. For 
this reason was deemed worth while examine the reactions Arctomys 
the common woodchuck, various reagents. Studies were 
made the circulation, respiration and reactions smooth muscle organs, 
and blood. The drugs tested were ether, epinephrine, ephedrine, 
amyl nitrite, glycerin, pilocarpine, physostigmine, atropine and Brom- 
salicylol. While the woodchuck reacted most drugs very much 
the rabbit and the cat the same reagents, certain important differences 
were noted respect other drugs. The woodchuck extremely sensi- 
tive intravenous injections epinephrine, 0.005 mg. this drug caus- 
ing greater rise its blood pressure than that effected rabbit the 
same size, and much greater rise than that produced the was 
found that the reactions surviving intestinal preparations from this 
animal epinephrine, pilocarpine and atropine were very like those pro- 
duced the same drugs other animals but that physostigmine (salicy- 
late hydrochloride) produced contraction the intestinal muscle. 
The same was true regard the effect physostigmine smooth 
muscle from other organs, namely, vesica, gall bladder and uterus. Thus 
appears that the woodchuck reacts epinephrine quantitatively, and 
physostigmine qualitatively different way from other animals. 
amined phytopharmacologically, the blood Arctomyx acted like 
that other mammals. 


The rate Absorption glucose from the intestinal tract. Mac- 

Using Cori’s method (Journ. Biol. Chem., 1925, Ixvi, 691) the absorp- 
tion rate glucose per unit time from the intestinal tract male and 
female rats various ages was found bear more constant relation 
body surface than body weight. The absorption coefficient influenced 
both the absolute amount and concentration the glucose adminis- 
tered. After small doses the absorption rate relation the amount 
the intestinal tract forms curve. the glucose the intestine 
replenished each hour the relationship straight line showing main- 
tained absorption rate. After large doses the rate becomes less regular 
possibly result the changes induced the hypertonic 
solution. Whatever the dose glucose the rate absorption decreases 
with time after given probably result the decreasing concentra- 
tion the sugar solution the intestine. 


Anemia following gastrectomy the rat. Matson, WILLIAM 
(by invitation). Northwestern University. (Demonstration.) 

first series successfully rats, have lived 
longer than days, and one (LH 12) was killed for autopsy the 320th 
post-operative day. The cadaver 12, which will demonstrated, 
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shows smooth healing the esophagoduodenostomy and thickening, but 
not bulging, the esophagus. Living, recently gastrectomized rats will 
shown, with microphotographs and other data indicating the severe 
anemia which develops after the operation despite the addition whole 
liver the diet. The total red count may sink below million per cu. 
mm. The hemoglobin, read the Newcomer method, may below 
gm. The mean diameter the erythrocytes, which our normal rats 
has been within the limits 6.70 6.07 micra, invariably diminishes, 
and reached the extraordinary value 3.83 micra. The 
mean deviation the diameter-measurements this time was 0.594, 
and mean deviations high 0.83 have been observed; the correspond- 
ing normal figures our experience have been between 0.37 and 0.56. 
The anemia therefore characterized hypochromia, microcytosis, and 
anisocytosis. 


The production gastric ulcers dietary means. MANVILLE (by 
Department Physiology, University Oregon Medical 
School. 

Elimination of, diminution the mechanism neutralization 
gastric contents assuming more and more important the etiology 
peptic and duodenal ulcer. Reduction acidity can accom- 
plished dilution, neutralization and buffering. The mouth and 
oesophagus, the duodenum and the stomach itself furnish the materials 
for this reduction. When the contributions the mouth, oesophagus 
and duodenum are eliminated, appears that the stomach still possesses 
considerable ability regulate the acidity its contents. Histological 
studies the gastric mucosa show that possesses four types cells: 
two which secrete mucous mucoid product; one, pepsin and one, 
hydrochlorie acid. Stimulation the vagus causes activity all the 
secretory elements. Histamine causes activity the parietal cells only. 
Atropine blocks the vagal effect but does not completely unllify histamine. 
Outside direct mechanical irritation, means has been shown 
efficient causing specific stimulation inhibition those elements 
responsible for mucus production. 

animals suffering from avitaminosis-A, have observed reduction 
mucus secreted the stomach without corresponding interference 
with acid production. fairly well recognized that vitamin its 
precursor, carotene, necessary for the normal functioning the mucous 
epithelium whether the respiratory, urinary gastro-intestinal tract. 
White rats vitamin deficient diet develop ulcers and peptic 
erosions. Sixty per cent all the animals vitamin deficiencies 
various degrees showed these lesions. The percentage approached 100 
the deficiency became more severe. The the normal stomach 
our technique stomachs with ulcers has been found range 
from 2.5 The feeding Fogelson’s mucin, while not preventing 
death from vitamin deficiency, does seem have some beneficial effect 
far conditions the stomach are concerned. 


The effect febrile temperature tissue metabolism. 
The Department Vital Economics, University Rochester, 
Rochester, 

means the Warburg apparatus, thin sections tissue warm- 
blooded animals (kidney and liver rats, rabbits and dogs) were studied 
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simultaneously two water baths, one kept 37.5° and the other 
higher temperature varying between 39.5°C. and 42°C. 

When the tissues were studied oxygen, which the usual procedure 
tissue metabolism work, the oxygen absorption fell off rather rapidly and 
the diminution appeared greater the higher temperature than 
the lower. Hence the increase oxygen consumption the higher tem- 
perature varied with the length time the experiment was run, being less 
for two-hour determination than for one-hour one. 

With one-hour determinations, oxygen, the highest rise the metab- 
olism was obtained the rat kidney. Three series experiments done 
39.5°, 41° and 42°C. gave consistent average values for the increase 
oxygen approximately per cent per degree rise temperature with 
value Q10 lower results were obtained with rat liver, 
rabbit kidney and dog kidney, the different temperatures, with the one 
exception rabbit kidney 41° which gave similar that rat 
kidney, i.e., 1.7. 

When the tissues were studied air, however, the oxygen absorption 
was markedly lowered but was very constant for considerable time and 
the increase with rise temperature was significantly greater, with values 
Q10 which were all 2.0 above. 


Effect cortical extracts the oestrual cycle completely suprarenalecto- 
mized rats. Martin and Kroc (by invitation). The 
Department Physiology, University Wisconsin. 

Daily vaginal smears and body weights were recorded series 
young adult femaie albino rats. Following bilateral suprarenalectomy, 
only those showing unmistakable signs glandular insufficiency and 
complete cessation the oestrual rhythm for least two normal 
were injected subcutaneously twice day with extracts whole supra- 
renal glands. The extracts, found physiologically active the rat, 
were prepared from beef and horse adrenals following Swingle-Pfiffner’s 
long and methods. The injected females undergoing treat- 
cycles but only after their body weights had been restored approximately 
the pre-operative level. Some these experimental rats have been main- 
tained injections extracts apparently normal physiological condi- 
tion beyond the longest survival period recorded us; when injections 
were stopped, death followed days. few experimental females 
receiving injections have been successfully mated. concluded that 
the extracts prepared show inhibitory influence upon the normal 
cyclic rhythm the ovary reported some investigators, and con- 
tain ovary stimulating substance. Further studies are being 
made determine the condition the hypophysis experimental rats 
receiving injections. 


The stomach contents suckling rats. MAYER (by invitation). 

University Missouri. 

The analyses were made the stomach contents rats, days 
days age, which were kept from the mother for hours, allowed 
suckle, then killed, usually immediately, and always within hour, and 
the stomachs removed. days the stomach contents weighed from 
0.4 0.5 gram and days age, which time most the 
analyses were made, the weight the contents was about gram. The 
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weight the contents varies directly with the age, whereas the moisture 
content inversely proportional the length time the milk remains 
the stomach before analysis. The moisture content varied from 57.7 per 
cent 77.8 per cent. 


Typical analyses 
PER CENT WET 
WEIGHT SPECI- 
MOISTURE 
75.8 PER CENT) 


| 
| PER CENT OF DRY WEIGHT 


specimens) 
19.8 54.2 (average 
specimens) 


Saponification number the fat was determined 208.6. 
Chlorides 


Per cent wet weight (moisture 70.0 per cent). 
The titratable acidity corresponded 0.28 per cent HCl. 


Thus appears that the suckling rat receives high fat and low carbo- 
hydrate diet. 


Electrical changes the isolated heart the rabbit following changes the 
potassium content the perfusing fluid. FRANKLIN McLEAN, EMMET 
Bay (by invitation) and The Lasker Founda- 
tion for Medical Research and the Departments Physiology and 
Medicine the University Chicago, Chicago. 
the perfusing fluid used studying the effect potassium upon the 

isolated heart the rabbit concentration 6.0 millimols potassium 
per liter (0.45 gram KCl) appears near the optimum for sustaining 
the action and rhythm the heart, and has been adopted standard for 
reference. Electrical changes have been recorded with string 
eter from one circuit only, the connections being made through non- 
polarizable electrodes the aorta (from which the heart suspended 
and perfused) and the apex. 

With other conditions constant, reduction the potassium concentra- 
tion the perfusing fluid 3.0 has its most striking electrical 
sequel reduction the height the T-wave. Omission potassium 
followed still further lowering, usually inversion, the T-wave. 
The conduction time shows slight changes only, but the tendency to- 
ward increase. All the changes observed are promptly reversed 

increase potassium concentration times followed various 
changes rhythm, including partial block A-V conduction and ven- 
tricular Confirming the observations Wiggers 
JOURNAL, xciii, 1930, 197) however, increase potassium content 9.0 
above has regularly been followed prolongation the P-R 
interval, deepening the S-wave, marked broadening the QRS com- 
plex, and pronounced increase the height the T-wave, indicative 
depressant effect potassium upon the intrinsic conducting mechanism 
with the production partial bundle-branch block. 
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higher concentrations (about 12.0 mM) the above changes are accen- 
tuated, and ventricular fibrillation often seen. The auricles may con- 
tinue beat regularly. still higher concentrations (about 18.0 mM) 
standstill occurs. All these changes.are promptly reversible 
upon return the original concentration potassium. 

Simultaneous increase the concentration does not alter 
the electrical changes characteristic depression the conducting mech- 
anism, but does appear afford some protection against ventricular 
fibrillation. 


Reflex reversal the triceps extensor preparation the forelimb. FREDERICK 

University Western Ontario. 

The reflex behaviour biceps brachii and lateral head triceps brachii 
stimulation afferent nerve the same limb usually accord- 
ance with the law reciprocal innervation, that there contraction 
biceps with inhibition quiescence triceps. Sometimes, however, 
triceps exhibits moderate amount contraction occurring simultane- 
ously with that biceps. This phenomenon variation between excita- 
tion and inhibition was studied triceps extensor preparation, consist- 
ing the lateral and medial heads triceps brachii, the long head (partly 
shoulder flexor), being paralyzed section its motor nerve. The 
remaining muscles the limb were paralyzed nerve section. The 
reaction usually exhibited the triceps extensor preparation stimula- 
tion ipsilateral afferent nerve inhibition tone, which may 
followed After section the spinal cord the upper 
lumbar region there results enhancement the tone cases 
which this tone very pronounced the response ipsilateral afferents 
materially changed: weak faradization now yields contraction, suc- 
ceeded after-discharge; stronger stimulation yields contraction, then 
inhibition, followed rebound; still stronger stimulation yields inhibition 
only with subsequent powerful rebound. The behavior the triceps 
extensor thus follows closely that observed Sherrington and Sowton 
the vastocrureus the hindlimb. The triceps extensor exhibits stretch 
reflexes, more pronounced after cord section. reflex contraction similar 
Philippson’s reflex the hindlimb may evoked forced flexion 
the opposite forelimb; also massage opposite triceps its tendon; 
obvious effects triceps extensor result from massage opposite biceps 
Magnus and Kleijn reflex contraction triceps 
evocable dorsiflexion the neck. 


The volume flow blood reactive hyperemia. 
GOMERY (by invitation), (by invitation) and 
(by invitation). The Department Surgery the 
University California. 

Studies the volume flow blood reactive hyperemia measured 
the increase the volume extremity the unanesthetized human 
being and the anesthetized animal have yielded conflicting results. 
have sought clarify the problem measuring the flow blood directly 
means the Montgomery and Lipscomb modification the Ludwig- 
Stolnikow stromuhr. Dogs weighing kgm. and lightly anesthe- 
tized with sodium amytal were used. Heparin (30 mgm. per kgm.) was 
administered the anticoagulant. The flow blood through the super- 
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ficial femoral artery was taken representative the blood flow the 
extremity. Obstruction was produced tourniquet placed about the 
lower extremity just distal the point insertion the stromuhr and 
only tight enough suppress completely almost completely the flow 
through the femoral artery. Under these conditions was found: first, 
that general the duration and amount the elevation the blood flow 
following the release the tourniquet are increased with the lengthening 
the period occlusion minutes (the longest period tested); 
second, that these two factors appear not proportional the length 
the period obstruction; and third, that the end point the elevated 
flow blood following the longer periods occlusion variable and may 
rather difficult determine. 


closed circuit artificial respiration apparatus. (by invi- 
tation). Department Physiology, College Medicine, Uni- 
versity Tennessee, Memphis. 

motor blower furnishes the pressure which causes inspiration. The 
blower may also assist expiration this desired. The air circuit and 
from the lungs alternately opened and closed with interrupter. All 
features are variable. soda lime container and spirometer the 
circuit permits oxygen consumption determinations made. The 
apparatus may also used determine the oxygen consumption without 
artificial respiration may used open circuit for artificial respiration 
only. 


Oxygen consumption with hemoglobin-Ringer. (by invita- 
NER (by invitation). The Department Physiology, College Medi- 
cine, University Tennessee, Memphis. 

When the normal blood the cat dog, under veronal anesthesia, 
replaced hemoglobin-Ringer the oxygen consumption remains prac- 
tically unaltered during and after the bleeding. This indicates that, 
spite its low capacity, the solution adequate maintain the nor- 
mal oxidations the body, least under resting conditions. Reactions 
adrenaline and other chemical agents persist unaltered. 

Hemoglobin-Ringer also gives good results the heart-lung preparation 
the dog. The oxygen consumption the same that given dog’s 
blood the same preparation. 


The effect alcohol body temperature and during sleep. 
(by invitation). Department Physiology, University 
Chicago. 

Doses and ce. per cent alcohol diluted per cent 
concentration were taken four subjects forty-five minutes hour 
before going bed. control nights equivalent volume water 
was taken. Rectal temperature was recorded continuously means 
electrical resistance thermometer and the movements the bed spring 
pulley-level system. 

The alcohol caused distinct reduction motility during the first two 
hours sleep and lengthening the first period relatively quiet sleep 
observed control nights. During the first three hours sleep the 
average rectal temperature nights was about 0.2 0.35°F. lower 
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than the normal temperature the corresponding time, though following 
the same general contour the curve. From about the third hour 
through the rest the night the curve was from 0.1 0.4°F. higher 
than the normal curve. Alcohol influences the major movements the 
sleeper, such turning over, the same manner does the body 
temperature, i.e., the first part the sleeping period there are fewer and 
the latter part more such movements than during control nights. 
The smaller movements were too variable indicate any definite change 
after except the first two hour period sleep when they were 
markedly reduced compared the controls. 


attempt determine the energy requirement for varying degrees pul- 
The Department Vital Economics, University Rochester, Roches- 
ter, 

hyperthermia produced anesthetized dogs high frequency cur- 
rent, pulmonary ventilation may increased fold. problem 
was induce large changes respiratory rate and volume without the 
complicating factor elevated body temperature. Three methods 
were employed, namely, rebreathing; simultaneously warming the 
carotid and cooling the jugular blood, and crossed-circulation exper- 
iments. 

With methods and large increases respiratory activity were 
obtained. the crossed-circulation experiments was possible heat 
the donor that the head the recipient was perfused with blood 
4°C. above his rectal temperature. was thought that heating the head 
such extent might induce large changes lung ventilation. This 
failed do, the maximum effect being fold increase. keeping 
the head the recipient normal body temperature and heating his 
trunk was possible accelerate the respiratory activity slightly 
greater extent. Obviously the direct determination the energy require- 
ment excessive pulmonary ventilation was impossible. 

The following indirect method was employed arrive tentative 
all hyperthermia experiments where the pulmonary ventilation 
was less than trebled, the increase consumption was charged the 
influence temperature. (It was found the rebreathing experiments 
that this increase ventilation not accompanied appreciable in- 
crease consumption.) The average temperature effect, was 
2.32. Using this for all experiments, the consumption due tem- 
perature effects alone was computed and subtracted from the observed 
total. The remainder was taken represent the requirement the 
muscles the respiratory apparatus. This value was expressed the 
percentage increase consumption per hour, per liter excess pul- 
monary ventilation per minute. The average thus expressed was 0.8 per 
cent about the value obtained direct determination man 
(Liljestrand, 1918). 


Hematocrit and blood volume emotionally excited rabbits. 
and (by invitation). Ohio State University. (Read 
title.) 

determine whether the increase the specific gravity blood after 
emotional excitement due diffusion water from the blood stream 
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into the tissues and consequent concentration the blood constituents, 
hematocrit and blood volume determinations were made. 

The blood volume was determined slight modification the micro- 
technique method Went and Drinker. The corpuscle and plasma per- 
centage was obtained the capillary hematocrit tubes which had previ- 
ously been rinsed with one per cent potassium oxalate solution. 

The results sixteen rabbits the quiet and excited state averaged 
follows: 


TABLE 1 
cubic centimeters 


PER CENT 
DIFFERENCE 


QUIET | EXCITED 


Total blood volume 2043 


The results show that the total blood volume did not undergo marked 
change after emotional excitement. There is, however, reduction 
plasma and concentration corpuscles and other constituents the 
blood stream. 


Adaptation sexual activity stimulation. 
OGLE (by invitation) and The Laboratory for Experi- 
mental Medicine, University Cincinnati. 

our studies climatic effects have previously reported significant 
differences the level carbohydrate metabolism and heat production 
under conditions varying environmental stimulation. Constant moist 
heat depresses the energy level animals and reduces their ability 
withstand chilling, while few hours cooling each day neutralizes these 
heat effects and renders the animals just energetic does constantly 
cool environment. JOURNAL, press.) Response climatic 
stimulation seems involve particularly the endocrine system,—the sex 
glands along with the others. have already pointed out changes 
human sex functions apparently related the degree stimula- 
tion (Amer. Journ. Hygiene, 1932, xv, 593), earlier onset the menses 
the more stimulating regions, with fertility reaching earlier peak and 
then declining more rapidly than the less stimulating areas. now 
present evidence white mice behavior, verifying most our human 
findings. 

Using single stock white mice and two constant temperature rooms. 
identical construction, one kept and the other 
with humidity per cent saturation, have found: 


Age the opening the vaginal plate: 
cold room females 30.80 +0.53 days 
control females 34.23 +0.45 days 
females changed daily between the two rooms.. 33.47 +0.90 days 


The difference between this age rupture for the cold room group and 
the other groups significant, being about six times its own probable error. 
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young females first mated 35-50 days age: 


NUMBER NUMBER OF AVERAGE SIZE 


MATED PREGNANCIES OF LITTER 


Most them born dead. 


females mated when between six and nine months age: 
Thirteen controls had average litter size 7.0. 
Seven from hot room gave average litter size 5.4. 
Two from cold room gave average litter size 8.0. 
group changed daily gave average litter size 2.5 (all born 
dead). 


With mice raised the cold room the oestrus cycle begins earlier than 
the hot room, and the fertility greater, just was found with human 
data. Mice seem adapt poorly the more severe stimulation fre- 
quent change from hot cold. 


Further study the effect the movement the blood the tone the blood 
vessels. (by invitation), (by invitation) 
and Department Physiology, University Illinois, 
Urbana. (Read title.) 

had found that the circulation Ringer’s solution around 
skeletal, and plain muscle suspended small glass tube greatly increased 
the effectiveness electrical stimuli causing sub-minimal shocks pro- 
duce almost maximal contractions. This suggested that the flowing blood 
the blood vessels might, similar manner, increase the effectiveness 
sub-minimal stimuli coming the blood vessels the form nerve 
impulses and this way aid maintaining their high state tone. 

test out this hypothesis, the web frog’s foot was prepared for 
examining the circulation with the microscope. The sciatic nerve was 

exposed and cut. cord was placed around the frog’s thigh, not including 
the nerve and knot laid. small artery was located and its 
diameter determined, using camera lucida and stage micrometer. The 
was then stimulated with sub-maximal induction shocks for 
seconds and the diameter the arteriole was measured again, and was 
found that the diameter the vessel was decreased The knot 
the cord around the frog’s thigh was then drawn sufficiently tight 
stop the circulation and the sciatic was stimulated again above, when 
the blood was not flowing. Under these conditions, the stimulation pro- 
duced decrease per cent the diameter the arteriole against 
per cent when the blood was flowing. 

Several experiments similar the preceding were performed and was 
found that the stimulation the with sub-maximal induction shocks 
always produced much greater decrease the size the blood vessels 
when the blood was flowing than when was not. The explanation that 
offered for this that the flowing blood increased the effectiveness 

the nerve impulses the same way that the moving liquid 

which was suspended piece muscle increased the effectiveness sub- 
maximal electrical stimuli. 
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Some factors the absorption fluid from the intestine. Parry (by 
invitation) and Nasser. The Departments Physiology and 
Vital Economics, The University Rochester. 

The technique used, described Wells (This 1931, xcix, 
209), allowed continuous accurate measurement the rate absorption 
from intestinal loop kept constant volume, while the intra-intestinal 
pressure was varied will. Temperature was controlled 
either using moist chamber placing the loop back into the abdo- 
men, closing the latter and applying electric heating pad the skin. 
some experiments many three loops the same animal were 
studied. Circulation remained good condition. The solutions used 
were 0.9 per cent NaCl and per cent acacia 0.9 per cent NaCl. 

The intra-intestinal pressure had below atmospheric order 
prevent apparent absorption measured the fluid level the burette. 
This point was constant for any one dog during the experi- 
ment, but varied different dogs from —20 solution pressure. 
Apparent secretion below this pressure and apparent absorption above 
varied linear function the intra-intestinal pressure. 

Secretion into the intestine was increased the intravenous injection 
pilocarpine, the effect lasting minutes. Intravenous injection 
atropine had effect upon absorption secretion. 

Rise the body temperature the animal given intra-intestinal 
pressure caused marked increase absorption. Absorption reached 
maximum between 38.5° and 40°C. Further rise 42°C. caused 
absorption decrease slightly. 

Enzyme studies made the loop contents showed that secretion oc- 
curred all times these experiments, that time was change 
volume measure the absorbing force alone. 

The point pressure” for given loop was the same whether the 
solution used was 0.9 per cent NaCl per cent acacia 0.9 per cent 
NaCl, showing that the force concerned was not primarily colloid osmotic 
pressure. 


The estimation the work done the empty stomach the bullfrog. 
Patrerson. Detroit College Medicine and Surgery, 
Michigan. 

The contraction muscle, when loaded, results performance 
mechanical work. Therefore, order obtain the greatest amount 
external mechanical work out muscle, its contraction must opposed 
resistance which shall great enough render the contraction slow, 
and small enough, especially toward the end the contraction not 
prevent the muscle from shortening completely. 

The external work done the empty stomach the bullfrog was 
determined the balloon method after stomostomy. The water the 
manometer, plus the float with its writing point, constituted the load (16.9 
gm.) moved the contractions the stomach. These were carefully 
weighed daily and any loss weight caused evaporation water was 
replaced when necessary keep the load constant throughout the period 
the experimentation. The contractions were recorded during hourly 
periods, the actual height each gastric contraction being measured 
millimeters, and the total feet, then multiplied obtain the actual 
distance the load was lifted, for, since the manometer U-shaped tube, 
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the distance that the float travels only one-half the total distance that 
the load moved. The constant manometric pressure em. 
water, necessary order make the apparatus register was disregarded, 
since the steady tone (tone base) the stomach cannot considered 
work the physical sense although certainly requires expenditure 
energy maintain it. other words, are against the difficulty 
work the sense pure physics and work from the point view 
energy expenditure the organs. 

The results obtained from the animals studied show that the external 
work done the stomach varied from 0.471 1.579 foot pounds per 
hour, while for period twenty-four hours ranged from 11.304 
38.896 foot pounds. 


Hyperglycemia, glycosuria and the respiratory quotients the result in- 
(by invitation) and (by invitation). The 
Chemistry Laboratory and the Department Internal Medicine, 
University Hospitals, The State University Iowa. 

receiving general diet may given insulin gradually 
increasing amounts before meals, least units day without 
hypoglycemia. Such patients have shown hyperglycemia and glycosuria 
when the insulin courses were interrupted. Glucose tolerance curves are 
the mildly diabetic type. Return normal state progressive and 
requires several days. Determinations the respiratory quotients show 
not only lowered quotient after discontinuation the insulin, but pro- 
gressively diminished R.Q. during the insulin course and return the 
normal figures paralleling even more slowly than the recovery the 
glucose tolerance. 


The influence calcium salts and parathyroid extract upon the energy libera- 
tion and efficiency the heart. (by invitation), 
Rea (by invitation) and University Illinois, 
Chicago. 

The addition calcium salts parathyroid extract the blood the 
heart-lung preparation causes significant decrease the diastolic volume 
the ventricles constant venous pressure and with minimal changes 
the heart rate. The stroke output increases and therefore the work 
per beat increases. The oxygen utilization the heart has been measured 
placing the preparation suitable glass and bakelite chamber, im- 
mersing the whole large water bath constant temperature. The 
oxygen removal was determined with closed circuit respiration system. 
has been found that the energy liberated per beat constant fiber 
length increases with addition calcium salts. this respect the action 
resembles that adrenaline. However, calcium addition causes the heart 
muscle convert larger proportion the energy released useful work, 
which contrast the effect adrenaline. 


Serum and muscle phosphate changes following glucose injection. 
(by invitation). Division Experimental Medicine, The 
Mayo Clinic, Rochester, Minnesota. 

well-established fact that there drop serum phosphate 
concentration, normal animals, following the ingestion injection 


q . 
4 
q 
a 
a 
7 
+ 


AMERICAN PHYSIOLOGICAL SOCIETY 


single doses glucose. attempt was made study this reaction 
detail and determine the fate the phosphate which disappeared from the 
blood stream. 

means continuous injections glucose intravenously, timed 
rates, reproducable conditions were established. control animals there 
marked decrease concentration the first two hours the injection 
period. The new low level maintained for about hours, when 
there gradual return the original level. completely adrenalec- 
tomized animals the drop serum phosphates parallels the normal. 
dehepatized animals the drop sooner and the return normal levels 
more rapid. the depancreatized animal without insulin there 
drop, but the addition insulin the injection fluid causes the drop 
take place. For the study demuscled animal recourse was had the 
visceral preparation Markowitz and Essex. drop the phosphate 
concentration the circulating blood could detected, though the sugar 
concentration was maintained fairly constant level. heart-lung 
hind-limb perfusions, there marked drop phosphate concentration, 
insulin. Over period four hours the hind limb can 
take about 250 300 milligrams when sodium phosphate added 
the perfusing blood intervals, increments. Analysis the muscle 
the end the perfusion shows increase the total acid soluble 
phosphorus but increase phosphate. 


the action rattlesnake venom upon respiration. (by 
invitation) and School Medicine, Univer- 
sity Alabama. (Read title.) 

The action rattlesnake venom the respiratory rate guinea pigs 
has been investigated. The venom was administered different routes. 
The following observations have been made: When the venom comes 
contact with afferent nerves, produces immediate and marked in- 
crease the rate respiration. the venom injected intraperitoneally 
into animal with sectioned vagi the increase the rate respiration 
not pronounced. Apparently the vagi conduct the major part the 
stimulating impulses. 

change observed the rate respiration, when the venom in- 
jected into the large intestine, while gradual decline manifested follow- 
ing intraperitoneal injection into animal with its vagal nerves and 
spinal cord sectioned. The effect the latter case seems due the 
absorption the venom which apparently acts depressant the 
centers controlling respiration. Thus appears that sufficient amount 
the venom injected not absorbed from the large intestine effect 
change the rate respiration. 

The venom seems produce anaesthesia analgesia the exposed 
tissues, for subsequent doses venom, the same route, are ineffective 
inducing increase respiratory rate. 

The injection the venom into the carotid artery causes symptoms 
depression the respiratory centers; initial apnoea which followed 
Cheyne-Stokes-like breathing, and death from respiratory failure. 


Responses illumination the caudal ganglion the crayfish. 
(by invitation). Harvard Medical School. 
Action currents from the ventral nerve cord the crayfish consisting 
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spontaneous discharges and discharges response peripheral 
stimulation have been recorded means cathode ray oscillograph. 
When the eyes were illuminated, increase frequency discharges 
followed. When the ventral side the abdomen was illuminated after 
removing shading the eyes, response was also obtained. Local stimu- 
lation showed that illumination the last abdominal ganglion and 
other part the abdomen evoked the electrical response. Removal 
heat the light flask water made difference the response, and 
local stimulation heat elicited response. 

This response consisted increase frequency impulses, the 
maximum being reached approximately three-quarters second after 
the beginning illumination, persisting with slight diminution during 
continued illumination, and decreasing after-discharge during two 
four seconds after removal the light. The response was unaltered 
when the caudal nerves were cut, was greater when the ganglion was ex- 
posed and illuminated directly than when illuminated through the epider- 
mis, and ceased when the cord was cut between the ganglion and the elec- 
trodes. This response illumination the last abdominal ganglion was 
detected all parts the nerve cord and the pharyngeal commissures. 

Illumination this ganglion was usually followed active leg move- 


ments. 


Studies the transplanted intestinal segment. (by invita- 
tion). University Illinois, Chicago. 

Electrograms and mechanicograms the activity intestinal segments 
surgically transplanted the external abdominal wall with intact pedicle, 
have shown characteristic rhythmic, electrical variation, which related 
time the mechanical contraction when the segment active, but 
persists with the same rhythm and intensity when the intestine me- 
chanically quiescent. 

The action various drugs upon the activity the segment has been 
studied. Adrenaline causes the mechanical contractions cease when 
the segment active without abolishing the electrical variations. 
amine causes augmentation the mechanical responses. 
likewise causes augmented contraction, while atropine does the opposite. 
suggested that the rhythmic electrical variation arises the intrinsic 
nerve net and that the autonomic nerves affect the transmission excita- 
tion from the nerve net the muscle cells. The sympathetic effect 
prevent the parasympathetic facilitate the transmission excitation 
from the intrinsic plexuses the smooth muscle. 


LEY, ZETTELMAN (by invitation) and Ivy. The Department 
Physiology and Pharmacology, Northwestern University Medical 
School, and the Department Physiology, Western Reserve University 
Medical School. 

The observation Ivy and Farrell that oral administration fat pro- 
duces inhibition hunger contractions the stomach and also trans- 
planted (denervated) gastric pouch has been confirmed detail. This 
inhibition definitely involves humoral factor. This further 
supported the observation inhibition fat stomach denervated 
vagotomy, splanchnicotomy and coeliac ganglionectomy. 
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Inhibition the normal stomach transplanted pouch does not follow 
the intravenous administration egg yolk, sodium oleate fatty chyle. 
Secretin cholecystokinin likewise produces inhibition. have also 
confirmed the observation Carlson that intravenous administration 
glycerine produces inhibition. appears evident that the oral ad- 
ministration fat leads the formation substance (chalone) which 
produces gastric inhibition following distribution this substance the 
blood stream. 

This chalone evidently produced the action fat the mucous 
membrane the small intestine rather than the stomach for gastric 
inhibition follows introduction fat into the esophagus (esophagus anasto- 
mized directly the duodenum) dog with vagotomized pouch 
the entire stomach but does not result from prolonged perfusion the 
pouch with fat. From the results obtained administration fat 
through gastrostomy and again through jejunostomy dog with 
complete obstruction the pylorus similar conclusion was reached. 


The use photosensitive cell drop recorder and F.S. 
and (by invitation). Albany Medical College. 
(Demonstration. 

order avoid some the defects common the various types 
drop recorders, the photoelectric cell has been used for this purpose. 
its use the falling drop made interrupt beam light controlling 
photosensitive cell and the necessary amplifying system. The drop acts 
foreign body the light beam and has contact with any part the 
apparatus. This recorder consists three parts: optical system, 
amplifying system and recording device. The optical system consists 
ordinary three candle-power bulb fed six volt bell-ringing trans- 
former supplied with 110 volt alternating current. The light brought 
focus condensing lens made from three small reading lenses hav- 
ing combined focal length about six centimeters. Beyond the focal 
point the light beam diverges photocell, the marginal beams being 
eliminated circular stop. The tiny current from the photocell 
amplified means radio tube the 240 type coupled Thyra- 
tron tube. The half rectified output the Thyratron put into 
magnetic signal marker through resistance avoid overloading. 
this means the rate drop formation may recorded over long periods 
with very little attention, and with reliable accuracy. 

very satisfactory time marker system may operated this appara- 
tus also. All that necessary interrupt the light beam the desired 
time intervals. This may accomplished spoked wheel mounted 
electric clock place the second minute hands. Other applica- 
tions the photoelectric cell physiological problems are process 
development. 


The absorption glucose from chronic jejunal loops. 
JOHNSTON (by invitation) and Morrison (by 
versity Pennsylvania. 

Jejunal loops prepared method which Johnston (Proc. Soc. Exper. 
Biol. and Med., 1932, xxx, 193) has recently reported, have been used for 
the study the absorption glucose. has been found that with in- 
creasing concentrations glucose larger amounts glucose are absorbed, 
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when the volume introduced and the time the experiment remain 
constant. 

Not only concentration important but the volume introduced the 
loop influences the rate absorption. the concentration the solution 
kept constant increasing the volume the loop results increased 
absorption. 

these experiments relationship has been demonstrated the 
body weight the animal the length the loop and the rate 


absorption. 
Concentrations glucose from per cent have been used. 


Further studies the physiological action irradiated ergosterol. 
Reep. Department Physiology, University Illinois, College 
Medicine, Chicago. 

has been shown previously that irradiated ergosterol, when adminis- 
tered large doses normal dogs will effect pronounced increase the 
rate oxygen consumption. This does not follow from the administra- 
tion excessive amounts parathormone. This indicates that, least, 
part the effect irradiated ergosterol administration independent 
the parathyroids. dogs standard diet but fasting hours 
balance experiments have consistently failed show any pronounced con- 
stant effect nitrogen metabolism. dogs that have fasted week 
more there increased output urinary nitrogen parallel with the 
increased oxygen consumption. Apparently the fundamental effect 
irradiated ergosterol metabolism modified some way the con- 
sumption normal diet. 


The effect previous hypophysectomy upon the diabetes resulting from pan- 
ment Physiology, The University Chicago. 

have attempted repeat the work Houssay who claimed that 
severe diabetes did not develop dogs after pancreatectomy the hy- 
pophysis had previously been removed. Two dogs lived only short time 
after the second operation but them the typical hyperglycemia which 
follows pancreatectomy did not develop. third animal has now sur- 
vived the second operation over weeks and spontaneous glycosuria has 
not The blood sugar normal may below normal 
short fast. Two tests with one-fourth unit insulin per kilo resulted each 
time convulsions which were relieved glucose. The animal can 
tolerate 100 grams glucose hours without any glycosuria. 


(by invitation). The Departments Physiology Harvard 
Medical School and The George Washington University Medical School. 
The pronounced tension skeletal muscle produced the injection 

bulbocapnine suggested two studies: analysis action currents from 

skeletal muscles bulbocapnized cats and comparison with those asso- 
ciated with decerebrate rigidity, and study the blood flow skeletal 
muscle decerebrate cats with and without the drug means the 


National Research Fellow. 
Fellow the National Research Council while Harvard. 
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tension level resulting from continued stimulation nerve muscle prepa- 
rations situ. 

Using Adrian type lead-off electrodes and technique, 
was found that individual motor units responded with action current fre- 
quencies between and per second. The action currents appeared 
short duration volleys. There were variations frequency and amplitude 
each volley. The results with bulbocapnine otherwise normal cats 
were similar those obtained from decerebrate animals without the drug. 

The blood flow skeletal muscle, indicated the tension developed 
and maintained stimulating nerve muscle preparations decerebrate 
cats bears direct relationship systemic blood pressure within limits, 
except under certain conditions—as with adrenalin. 

Results show that the steady state developed without bulbocapnine 
less evident with the drug, and may disappear with large enough doses. 
There little tendency for the tension level follow changes 
systemic pressure. Fatigue more readily produced when bulbocapnine 
given. The action adrenalin altered. The usual increases and 
decreases tension resulting from the injection graded doses adrenalin 
may absent altogether. 


the absence hunger pain man after the resection the lower three- 
fourths the stomach. The Dallas Medical and Surgical 

This study the contractility the upper fourth the stomach 
man from whom nearly four-fifths the stomach had been excised for 
bleeding Graphic records the contractions were made the bal- 
loon method after eighteen twenty hours’ fasting. Under these conditions 
the remaining stump the stomach exhibits rhythmic contractions quite 
analogous those the Pavloff pouch dogs. These contractions are 
continuously recurrent, the rate one per minute, and not exhibit 
the periodic grouping the intact normal stomach. This patient has 
pain conscious sensation muscular activity associated with these 
contractions but there feeling generalized weakness (and sometimes 
headache) which recognizes hunger and relieved taking food. 


Experimental chronic adrenal insufficiency (Addison’s disease) animals. 
Rocorr. The Laboratory Experimental Medicine, School 
Medicine, Western Reserve University. (Demonstration.) 

adrenal insufficiency can produced, cats dogs, sub- 
total ligations adrenal blood vessels. Such animals survive average 
four six months following the final ligation operation. Survival 
periods ranging from two fourteen months have been observed thus far. 
Acute subacute clinical phenomena, characteristic adrenal insuffi- 
ciency, develop intervals and vary character, degree and duration. 

Blood changes similar those occurring Addison’s disease and 
adrenalectomized animals, occur during these exacerbations. After one 
more exacerbations the cortical substance the gland may regenerate 
sufficiently lead permanent recovery, degeneration the cortex 
may proceed the point where acute crisis Selective degenera- 
tion the cortex, without damage the medulla, common result 
although necrosis may occur the entire gland, some cases. 
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autopsy, the adrenal glands show pathologie changes similar and 
some cases identical with those seen certain types human 
disease. Some these will demonstrated photomicrographs and 
histological preparations. 


Electrical excitation multifibered nerves. and Mck. 

Harvard Medical School. 

Contraction the nicitating membrane and the pilomotors the 
tail and inhibition the heart electrical stimulation their nerve 
supply were quantitatively recorded the cat. The distribution volt- 
age (V)—thresholds and duration (T)—thresholds and the V-T relations 
for the different fibers (N) were determined. 

Both and thresholds yield skewed distribution curves. The V-N 
curves, obtained different durations and the T-N curves different 
voltages, give two interchangeable families curves which represent 
graphically the total distribution thresholds the nerve. From either 
these two families set V-T curves, which covers all the fibers, may 
plotted. 

Accurate V-T curves may obtained over wide range durations 
the method interpolations used. This especially interesting for auto- 
nomic nerves, where previous methods have been quite unsatisfactory. 

The ratio V/R rheobase) not constant for given duration. 
Its value decreases from the fibers highest excitability minimum 
about the mean (50 per cent the fibers), then increases again 
maximum for the least excitable fibers. The variations from the mean are 
about Any conventional excitation time therefore vari- 
able for the different fibers, the variations occurring the same direction 
those V/R. Lapicque’s chronaxie, for example, varied one 
experiment the cervical from for the most excitable 
fibers for per cent, and then for the least excitable 
fibers. These values and deviations are typical. 

Double plotting the V-T curves the different fibers 
nerve present different slopes. least three parameters are then 
necessary the formula these curves. (and consequently Blair’s), 
Weiss’s and Lapicque’s formulae were tested. All three presented system- 
atic deviations, both for short and for long times. 


The hepatic influence galactose and levulose tolerance. ALLAN WINTER 
Mary (by invitation) and PLUMMER (by 
invitation). Evans Memorial, Massachusetts Memorial Hospitals, 
Boston, Mass. 

Analysis made the influence the sugar tolerances for galactose 
and levulose the highest purity series cases all which present 
dysfunction one common condition. The series divided into 
four groups which the first group cases presenting hepatic 
dysfunction the principal and primary etiology, group two consists 
patients pregnancy and with demonstrable hepatic factor: 
group three, hepatic dysfunction associated with thyroid failure (11); and 
group four, short series (12) endocrine and non-endocrine conditions 
each whom has hepatic complication. are four times many 
women men, the ages range from years with average 36. 
The estimation the hepatic factor rests primarily upon the microchemi- 
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cal investigation the duodenal contents (McClure) supported the 
facts the history, physical examination, radiological studies, and various 
laboratory evidences. Analysis the blood and urine findings show 
incidence glycosuria one out each four cases except the thyroid 
group where the tolerance through the endocrine factor shows upward 
tendency; unique low blood sugar level appears the toxaemia group 
traceable their pregnant state. the main the galactose tolerance 
depressed though there are few with increased tolerance, point pre- 
viously noted the senior author another connection, and one-third 
the total group show normal tolerances. The results with levulose show 
general downward tendency with per cent responding positively doses 
grams less. Particular attention paid the correlation the 
results with the two sugars, approximately two-thirds showing agreement 
kind though not degree, while the remainder demonstrate complete 
lack concordance. The inference drawn that the utilization mecha- 
nism the two sugars not identical but that the level liver function 
presumably influences both though not equally. 


The effect post-brachial spinal cord transection the flexor and extensor 
reflexes the forelimbs. and (by invitation). 
Laboratory Physiology, Yale University. 

spinal transection greatly increases reflex excitability 
the forelimb extensor muscles the decerebrate cat determined 
optical isometric myographic records the The aug- 
mentation not due irritation ascending tracts because can 
some weeks after surgical transection, and after acute transection 
combined with narcotization the rostral cut end the cord; oceurs 
The effects semisection are bilateral though less marked than complete 
transection. phenomenon looked upon true “release func- 
due freeing the forelimb reflex from proprioceptive inhibi- 
tion originating below the level section, and clearly related quadru- 
pedal locomotion and attendant postural adjustments the body the 
forelimbs. the other hand, the ipsilateral reflex the elbow flexor 
(M. brachialis anterior) diminished. The complete syndrome mid- 
section the decerebrate cat therefore consists reciprocal 
changes reflex activity between flexors and extensors the forelimbs, 
between flexors and extensors the hind limbs, and between flexors the 
fore and hind limbs and between extensors the fore and hind limbs. 
depression reflexes akin contrary the usual state- 
ment, may then take effect rostral the transection. 

Bilateral deafferentation proximal the spinal ganglia the lumbo- 
sacral segments, whether acute chronic days), produces little change 
forelimb reflexes. acute cord section which excludes only previously 
deafferented segments induces additional augmentation forelimb ex- 
tension. The distal portion the spinal cord entirely deprived sensory 
impulses appears able restrain the activity the upper limb. 


the chemical changes stimulated mammalian muscle. JacoB Sacks 
and Sacks (by invitation). University Michigan. 
The gastrocnemius muscle rabbits under nembutal anesthesia was 
tetanized indirectly for varying periods time, from seconds min- 
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utes, and frozen situ for analysis. The changes phosphocreatine, 
and lactie acid contents were studied. 

was found that the initially high rate lactic acid production fell off 
very sharply with increasing duration tetanus. The quantity phos- 
phocreatine hydrolyzed was sufficient buffer the muscle against 
per cent the lactic acid formed. The fraction in- 
creased rapidly first, then more slowly; the maximum value for this 
fraction was found after tetanus minutes duration. 

second tetanus, hydrolysis phosphocreatine was found, al- 
though the acid and contents more than doubled 
amount. 

prolonged tetanus, minutes, part the lactic acid accumulated 
earlier, disappears from the muscle, and much the 
broken down, the phosphate being reconverted phosphocreatine. The 
phosphate content does not continue increase. 

Muscles frozen within seconds after excision from the animal show 
markedly higher lactic acid and contents than the corre- 
sponding muscles frozen situ. 


Nerve catalase. and Royce (by invitation). 
The Department Washington University, Saint Louis. 
Previous experiments the effect carbon monoxide, hydrogen sul- 

phide, and cyanide the oxidative processes and the electric response 
nerve indicate the presence hemin-like substance similar War- 
burg’s respiratory enzyme. this category belong also other intracellu- 
lar hemin compounds such catalase, peroxidase, and hence be- 
comes importance determine the significance these catalysts 
nerve function. The present investigation deals with the catalase 
the aerobic and processes medullated nerve. 

Preliminary experiments the nerve catalase were performed 
determine the optimal conditions enzyme and substrate concentra- 
tions, temperature, pH, The catalase quotient winter nerves was 
about per cent lower than for summer nerves. NaCN inhibits 
nerve catalase fairly completely; even M/100,000 cyanide still produces 
definite inhibitions. This true for nerve emulsions well for intact 
nerve. Carbon monoxide produces only per cent inhibition even 
concentrations 99.5 per cent and this inhibition not decreased 


illumination. 


The effects general anesthesia and sympathetic ganglionectomy the tem- 
peratures the extremities. CHARLES SHEARD, (by invi- 
tation) and McK. (by invitation). The Mayo Foundation 
and The Mayo Clinic, Rochester, Minnesota. 

Previous investigations reported 1931 showed that, dogs under 
anesthesia inhalation, vasodilation occurred and that this was not in- 
fluenced operation the sympathetic system. was found also that, 
under general anesthesia, the changes the temperatures intact and 
sympathectomized extremities, with variations environmental tempera- 
ture, were similar. the present investigation, continuous observations 
surface temperatures were made thermocouples, before and during 
sympathetic ganglionectomy, all four extremities persons with vari- 
ous vasomotor disturbances. General anesthesia alone produced maximal 
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vasodilation Raynaud’s disease and thrombo-angiitis obliterans. 
Severance the sympathetic nerves did not cause additional vasodilation. 
Raynaud’s disease prompt and uniform vasodilatory response was 
observed the peripheral vessels all four extremities, but thrombo- 
angiitis obliterans uniform response was absent and affords information 
regarding the degree occlusive process. General anesthesia constitutes 
satisfactory procedure for investigating thermal changes prior and 
during sympathetic ganglionectomy. Valuable information may 
obtained regarding the amount and extent vasospasm the vessels 
the extremities. 


Renal function and water balance adrenal insufficiency and after cortical 
extract treatment. HERBERT SILVETTE (by invitation). Physiological 
Laboratory the University Virginia Medical School. 

Rats from which both adrenal glands have been removed excrete less 
urine and more chlorides than normal animals under the same fasting 
conditions. When different fluids are injected into adrenalectomized 
animals, their reduced ability eliminate fluids comparison with un- 
operated animals markedly manifested. the case normal rats and 
adrenalectomized rats treated with cortico-adrenal extract, the chloride 
output per hours was approximately the same when distilled water 
urea glucose solutions were injected. Slight differences only appeared 
the urea output normal and operated animals when water alone was 
given, when sodium chloride glucose solutions were administered. 
non-extract-treated adrenalectomized rats injected with various solutions 
there was striking deficiency water excretion. The output chlorides 
and urea mg. per cc. urine did not differ greatly, however, from that 
observed normal rats extract-treated adrenal-less animals receiving 
comparable injections. 

Urea given small quantities (0.1 gm. per day) proved fatal adren- 
alectomized animals within hours. Normal animals operated animals 
receiving extract tolerated without difficulty doses 0.8 gram per day. 

The excretion phenolsulphonphthalein was found approxi- 
mately the same normal.and adrenalectomized animals whether extract- 
treated not. 

adrenalectomized rats showing symptoms insufficiency, the liver 
and the extra-hepatic body tissues were found have higher water 
content than similar tissues normal animals. series adrenalecto- 
mized cats showing symptoms insufficiency, the liver and skeletal 
muscle were found more hydrated and the blood and kidneys less 
hydrated than similar tissues normal animals. 

From the evidence indicated that the inability the kidney 
adrenalectomized animals excrete water due causes which are 
extrarenal origin. 


Effects breathing sublethal percentages illuminating gas. SMITH, 
(by invitation) and (by invitation). The 
Physiology Laboratory, lowa State College. 

Rats were exposed for one hour daily closed circuit respiration 
apparatus 1.25 per cent gas-air mixture making 0.3 per cent carbon 
monoxide mixture. Animals exposed for 150 consecutive days became 
unkempt appearance and underweight and failed rear young. 
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Blood studies revealed increased erythrocytes, increased hemoglobin, 
change resistance salt solutions, and increased volume 
per cent corpuscles. preparations showed excess blood 
all the organs. 

The survival time lethal mixtures was greater for females. New 
born animals survived for three hours mixtures which proved fatal 
within minutes those days old. Greatly increased tolerance was 
developed adapted animals. 


Factors determining the dextrose tolerance curve. SAMUEL and 
(by invitation). The Metabolic Laboratories the 
Department Physiology, Michael Reese Hospital and the Dept. 
Physiology, University Chicago. 

The characteristic curves the rise and fall the blood sugar level 
following the administration dextrose normal and diabetic animals 
have been generally interpreted indicating the ability the liver and 
muscles take and utilize the administered carbohydrate. The 
difference the type tolerance curve obtained from normal and from 
depancreatized animals has been ascribed increased secretion in- 
sulin from the pancreas the normal animal, under the stimulus the 
administered sugar. 

test these hypotheses, performed dextrose tolerance tests under 
two sets conditions: 

hepatectomized dogs, receiving constant intravenous injection 
glucose sufficient maintain the blood sugar approxi- 
mately constant level. 

depancreatized dogs, receiving constant intravenous injection 

insulin insulin and glucose sufficient maintain constant 
blood sugar level. 

each case the sugar for the test was given intravenously avoid differ- 

ences absorption. 

Under the conditions our experiments, the hepatectomized animals 
yielded the diabetic type tolerance curve, while the depancreatized 
animals gave essentially normal curves. 

Our results indicate that the liver plays the major determining 
the normal dextrose tolerance curve. They also show that, providing 
sufficient insulin present maintain constant blood sugar level, 
extra secretion insulin need predicated account for the normai 
tolerance curve. 

suggested, the basis these results, that satisfactory explana- 
tion for the variations the dextrose tolerance curve seen diabetes, 
starvation, may rest upon the influence insulin and glucose upon 
rate which the liver supplies stored newly-formed sugar the 
blood. 


The spinal origin fibres causing vasodilatation the 
gland. Stanton (by invitation). Loyola University 
School Medicine, Chicago. 

1909 Carlson demonstrated that vasodilation occurs the cat’s 
submaxillary gland stimulation the cervical nerve. 

That the fibres concerned are true was indicated the 

action adrenalin. Their actual origin, however, has not our knowl- 
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edge been determined, and have attempted trace them, considering 
that they might derived from dorsal roots. Two methods 
were employed: 

Ventral and dorsal roots the upper thoracic region were stimulated 
individually records blood flow from the submaxillary gland the 
same and opposite sides were taken. Because the spread the stimu- 
latir current conclusive results were obtained this procedure. 

The effect cervical sympathetic stimulation the blood flow from 
gland was observed series cats following section certain ven- 
tral roots excision dorsal root ganglia. The response each instance 
was compared that the unoperated side. Excision dorsal root 
ganglia did not any instance affect the subsequent vasodilator response. 
Following section and degeneration the eighth cervical, first and second 
ventral roots, vasodilation the corresponding side was greatly 
reduced compared the unoperated side, both before and after the 
administration ergotamine. cat with the second, third, and fourth 
ventral roots sectioned there was little difference between the 
two sides. Sections more caudal levels showed effect. 

concluded that the majority fibers concerned leave the cord 
the first thoracic ventral nerve root. 


Further studies the action and the ethyl ether 
the experimental animal and the clinic. Isaac 
tion) (by invitation) and (by invitation). 
The Laboratory Pharmacology and the Medical Clinic the Hospital 
the University Pennsylvania. 

These two drugs were synthesized Major, and identified 
and important pharmacologic agents Simonart. They have been 
subjected further investigation. 

chloride exceedingly powerful, its activity 
being but little less than that adrenalin. The ethyl ether 
choline slightly weaker but somewhat more stable than the former com- 
pound, otherwise their action similar most respects. animal prep- 
arations the effect the heart was essentially similar that which follows 
vagus stimulation. peripheral vasodilating action was demonstrated 
the frog’s web and the rabbit’s ear. The dog’s leg volume increased after 
the drug but the kidney volume always diminished. anesthetized cats, 
and normal dogs the drug caused increased peristalsis and tone the 
gastrointestinal tract. Uterine and gastrointestinal strips gave similar 
increase tone and contractility. The bronchi constricted and the flow 
saliva was increased after these drugs. 

Effects analogous these occur when the drug administered pa- 
tients the clinic. Both drugs produce effects when given mouth. 
The administration the ester followed more pronounced circula- 
tory effects, but less secretory effects than occur after the ether. 

The utility these drugs clinical conditions will discussed. The 
most spectacular effect the immediate termination attacks paroxys- 
mal subcutaneous doses the ester. The vasodilating 
has been employed peripheral vascular disease with promising 
results. 
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Observations the variation water content the fecal material clong the 
colon. (by invitation). The Department Physiol- 
ogy, College Medicine, University Tennessee, Memphis. 
Determinations the water content fecal material distributed along 

the proximal colon were made collecting small samples feces through 

two rubber fistulae previously inserted the caecum and colon, the 
about five inches distal the ileo-caecal valve. 

The dogs never failed defecate within five minutes after the 
were taken from the fistulae; this afforded opportunty determine 
the water content feces the lower colon the same time. Samples 
were collected daily over long period time while the animals were 
excellent health. The samples were dried constant weight 100°C. 
and the percentage water was calculated. 

The results indicate that concentration fecal material took place 
the caecum and rectum, while very small amount absorption was noted 
the colon proper. 

Determinations were also made human stools, the results showing 
that the feces the rectum contain approximately per cent less water 
than those lying the colon just proximal the rectum. X-ray plates 
show that fecal material lodged the rectum long before the desire 
defecate felt. 


The power output striated muscle. Stevens and 

(by invitation). Psychological Laboratory, Oberlin College. 

The problem investigated the decrease force contracting muscle 
with increasing speed shortening. means inertia system and 
optical recording, records were made the contraction the gastroc- 
nemius muscle the decerebrate cat. Time was imprinted record 
intervals 0.0055 second means rotating, slotted dise 
asynchronous motor. Force was derived from the record measuring 
the displacement the inertia dise. The change length the muscle 
each time interval and the total shortening during contraction were 
measured with accuracy +0.001 From these data for each time 
interval, were calculated the speed muscle shortening, and the force, 
the power and the work done. Isometric records were also obtained 
the same technique using torsion wire myograph. The tension-length 
diagrams the same muscle for the isometric and the isotonic condition 
were plotted the same The differences between the force 
and the power the muscle under these two conditions were taken from 
the graphs and plotted against the speed shortening the muscle 
length corresponding that the isometric contraction. The bearing 
these results muscle theory discussed. 


invitation) and (by invitation). The Department Phys- 
iology, University Chicago. 

The pancreas dogs under barbital amytal anesthesia was separated 
from the duodenum, that blood flowing through the pancreatico- 
duodenal vein was not mixed with blood from other tissues. The blood 
flow apparatus demonstrated this meeting was inserted into the vein. 
The pancreatic duct was cannulated for the collection pancreatic juice. 
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After suitable control period, either small dose secretin (to promote 
short, rapid secretion period) continuous injection secretin (to 
promote sustained secretion) was made intravenously. 

Simultaneous samples arterial and venous blood (and pancreatic 
juice) were drawn, using adequate precautions, for analyses. From the 
data obtained have been able determine the rate metabolism dur- 
ing rest, activity, and recovery and some the ionic relationships between 
arterial and venous blood and juice. 


The effect intravenous glucose injections coronary circulation. 
and (by invitation). University Kansas. 
The flow blood through the coronary vessels was determined the 

intact animal under ether anesthesia. blood was collected from 

Morawitz cannula the coronary sinus. 

Five ten grams glucose fifty per cent solution injected intravenously 
seventeen dogs produced increase the coronary circulation every 
The percentage increase ranged from 100 per cent more. 
The increased flow was maintained forty minutes more after the 
injection. 

Repeated injections continue effective increasing the coronary 
ow. 


Inability the albino rat bear and rear young rations supposedly ade- 
quate all respects which canned pork muscle serves the dietary pro- 
tein. Swanson and NELSON (by invitation). The 
Nutrition Laboratory the Foods and Nutrition Department, 
State College, Ames. (Read title.) 

The value canned pork muscle source protein otherwise 
synthetic and adequate diet supporting reproduction and lactation 
albino rats inbred Wistar strain has been studied. The meat was in- 
corporated dried form levels and per cent. Results were 
compared with those obtained from litter mates grown two similar diets 
containing beef and two modifications, containing and per cent 
protein respectively, the mixed grain and casein ration fed our 
breeding colony. 

The parental generation performance interest (See table). The 
reproductive histories the animals the pork rations were marked 
continuous series disasters. the low protein level, over per cent 
the rats died parturition, and over per cent the pregnancies 
noted were resorptions. Only two out litters born were 
creasing the protein improved the average reproduction record. The 
rats were more fertile and more litters were born per rat, 2.6 vs. 0.8. 
However, successful suckling the young was not improved. Only one 
litter was weaned. 

These results are marked contrast records the animals the 
control stock diets, III and IV. these diets, the level protein did 
not affect the ability the rat give birth young (3.5 and 3.3 litters 
per rat, respectively). The increased protein apparently favored lacta- 
tion, for the higher level the rats reared 76.6 per cent their young 
contrast per cent weaned the lower protein diet. 

Beef superior pork for the support these functions, for the animals 
beef diet (30 per cent protein) were successful producing and 
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rearing young were the rats stock III ration. Again, increased pro- 
tein the diet notably improved the lactation record. 


SUCCESS IN SUCCESS IN 

Protein value diet: per 
Protein value diet: per cent 


Studies the function the adrenal cortical hormone and the cause death 
cal Laboratory, Princeton University, Princeton, New Jersey. 

The chief function the adrenal cortical hormone appears the 
regulation and maintenance normal volume fluid within 
the vascular system. the absence the hormone, fluid continually 
lost from the circulation, presumably transudation through the capillary 
walls, with the result that the adrenalectomized animal unable main- 
tain his normal blood volume, and eventually dies from col- 
lapse due insufficiency circulating fluid. 

Accompanying the progressive decrease blood volume progressive 
fall blood pressure the death level. The decline arterial pressure 
apparently direct result the decreased volume circulating fluid. 

The decrease blood volume and blood pressure are not terminal 
phenomena adrenalectomized dogs but first appear within twenty-four 
seventy-two hours after discontinuing hormone injections, and before 
active symptoms insufficiency appear. Both volume 
steadily decline the death point which may not occur until eight 
twelve days later. 

Hemoconcentration, decreased renal activity, rise blood non-protein 
and urea nitrogen, increased blood and the marked slowing the 
circulation which invariably appears, are all directly correlated with and 
chiefly dependent upon the decline plasma volume and blood pressure. 

Adrenalectomized animals, the absence the cortical hormone, are 
apparently unable draw fluid back into the blood stream through the 
walls. Following administration adequate amounts corti- 
cal hormone prostrate animals, the blood volume, blood pressure and 
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blood constituents return normal. The animal able dilute its 
blood and build normal blood volume and all symptoms adrenal 
insufficiency disappear. 

our opinion that all the manifestations, symptoms and physiologi- 
cal peculiarities, which have been described occurring adrenalecto- 
mized animals, are merely results progressively failing circulation due 
decreasing volume circulating fluid animal which unable 
compensate (as normal animals) for its low blood volume and blood 
pressure dilution. 

Data will presented illustrating these points, and the similarity 
adrenal insufficiency traumatic shock will also discussed. 


The secretion phosphorus and sulphur the sweat. 
STINCHFIELD (by invitation) and Starr (by invitation). Physiology 
Department, University North Dakota. 

From all accounts the literature are informed that there only 
trace phosphates secreted the sweat. the contrary, have dis- 
covered the colorimetric method Fiske and Subbarow and checked 
volumetric method, that there quite appreciable but variable 
amount phosphorus the sweat both organic and inorganic origin. 

The character the diet seems have appreciable influence the 
amount secreted. diet low phosphates yields usually mgm. 
per 100 sweat, while diet known high phosphates like 
asparagus, spinach, fish and several eggs will give readings from 2.5 3.5 
mgm. per 100 sweat. The intake grams yields 
similar results. 

was generally found quantities excess phosphorus, 
however, times quite the contrary was true. 


invitation) and (by invitation). University Toronto. 
(Read title.) 

The outstanding effects parathormone overdosage dogs are hyper- 
caleaemia and intense hyperaemia the mucosa the stomach and small 
intestine, culminating haemorrhagic extravasation. Rapid post-mor- 
tem softening the gastric wall occurs. The vascular effects upon the 
gastro-intestinal tract appear coextensive with the vagal innervation, 
going farther than the lower end the small intestine. Diarrhea and 
vomiting, usually haemorrhagic nature and both referable vagal 
activity, are prominent symptoms which supervene day two after the 
commencement the administration parathormone. 

Section the vagus nerves dogs though without effect upon the 
development hypercaleaemia prevents the appearance the typical 
parathormone effects upon the gastro-intestinal mucosa. Atropine also 
antidotes these effects. None the animals which received atropine and 
parathormone had diarrhea vomited. The animals received maximal 
doses parathormone, units per kilo being given every hours through- 
out the day. 0.1 0.2 mgm. atropine per kilo was given with each 
dose the hormone. The serum calcium rose abruptly, reaching height 
from mgm. per 100 within hours after the first dose. 
After death the typical parathormone picture was absent. The intestine 
was quite pale. blood was found the stomach, and the gastric 
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mucosa showed mild general flushing with deeper red area the py- 
loric antrum. This latter region was alone suggestive parathormone 
overdosage. The general appearance the interior the stomach was 
marked contrast that seen when animal was killed the 
administration parathormone without atropine. 


Effects thyroparathyroidectomy and thyroid feeding rats limited 
intake vitamin and Mary Patras (by 
invitation). Loyola University School Medicine, Chicago. 

Three groups rats, litter mates, aged 150 200 days, were placed 
diet consisting starch per cent, casein 18, unsalted butter 15, salt 
mixture (Osborne and Mendel) cod liver oil and fresh bakers’ yeast 
per cent. This quantity the yeast preparation used inadequate 
for the prevention polyneuritic symptoms. 

Group (13 rats) were thyroparathyroidectomized the 17th day 
the experiment. Group (14 rats) from the 30th day, received desic- 
cated thyroid, 0.05 per cent added daily the diet. Group (14 rats) 
were continued controls. 

All rats group died between the 63rd and 94th days from the be- 
ginning the diet, the average survival being 81.3 days. For group the 
survival range was from days, average 63.5; for group 
days, average 67.5. The difference between group and the controls 
perhaps too small significance. The resistance vitamin 
deficiency, however, appears definitely increased the animals with 
thyroids and parathyroids removed. 


Evidence that conditions normally present the small intestine influence 
gastric peristalsis. THomas and (by invitation). 
The Department Physiology, Jefferson Medical College. 

Inhibition motility (peristalsis and hunger contractions) 
result chemical mechanical stimulation the duodenum has been 
reported number observers. Except applied hunger contrac- 
tions, the results have not been accorded much consideration because 
practically all who have observed them have expressed the opinion that 
the stimuli used were abnormal intensity. The reaction has not, here- 
tofore, been clearly differentiated from the well known inhibition 
peristalsis due variety noxious 

The present investigation was undertaken determine whether the 
presence normal gastric contents the duodenum, when delivered 
the stomach the usual manner, caused detectable changes gastric 

Balloon records antral peristalsis five dogs, provided with cannu- 
lated gastric and duodenal fistulas, were made after feeding with 300 
400 grams raw lean beef. Except during the operative procedures, which 
preceded the experiments several weeks, drugs anesthetics were 
used. The effects draining the duodenum through tube inserted 
through the duodenal cannula, toward the pylorus, were studied. 

Without exception, drainage the duodenum was accompanied 
marked increase the force the peristaltic contractions, and, usually, 
apparent increase gastric tonus. Closing the drainage tube and 
allowing the duodenum fill from the stomach was followed reduction 
the contractions approximately normal amplitude. The result 
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could repeated will each animal. The changes, rule, were 
gradual, but occasionally, closure the drainage tube was followed quickly 
marked reduction the amplitude the contractions comparable 
the effect injecting acids other irritants into the duodenum. The 
mechanism these reactions under investigation. 

The results indicate that the presence the small intestine its normal 
content gives rise influences which operate diminish the force peri- 
staltic contractions the antrum. Hence, the effect intestinal repletion 
the rate gastric evacuation need not attributed reflexes affecting 
the sphincter. 


The mechanism the retarding effect the emptying time the 
West Virginia, Morgantown. 

have previously reported that dogs anoxemia delays the emptying 
time the stomach—the amount delay being roughly proportional 
the degree anoxemia. effort was made ascertain the mechanism 
involved. 

Dogs were fed meal consisting grams hamburger, grams 
dried bread, grams barium mixed with milk. The normal emptying 
time the stomach was established fluoroscopically over period 
several days. Anoexemia was produced putting the animals into 
steel chamber previously described; ventilation was adequate that car- 
bon dioxide could not accumulate. The stomach emptying time was noted 
during different degrees anoxemia. 

posterior was done several animals and 
several others the muscles the pylorus were cut (Rammstedt’s opera- 
tion). The post-operative normal emptying time was determined and 
found not significantly different from the pre-operative normal. The 
post-operative emptying time under corresponding degrees anoxemia, 
however, was greatly shortened. 

still another group dogs atropine was administered. Atropine was 
shortening the emptying time the ranges anoxemia 
used. 

possible mechanism for the above results that vagospasm from 
anoxemia manifested the muscles the pylorus. The value the 
above described operative procedures lies the fact that they either 
prevented pylorospasm furnished alternative exit food from the 
stomach. The failure atropine control pylorospasm effectively was 
probably due its simultaneous depressing effect the motor activity 
the stomach which over shadowed its action the pylorus. 
Mechanisms other than pylorospasm also, course, may involved. 


Inactivity factor erythrocyte and hemoglobin variations. ORVILLE 

(by invitation). University Kansas. 

Studies were made the blood 160 normal men between the ages 
and 30, subjects being studied after unobserved random activity, 
and additional subjects being sampled following half-hour period 
inactivity bed. 

Observations made following the rest period gave lower mean values 
than observations upon the subjects chosen random, accordance with 
the following differences: 


| q 


PROCEEDINGS 


Series and 


Erythrocytes....... 250,000 +33,000 lower resting subjects 
Total hemoglobin... 1.43 +0.125 gram lower resting subjects 
Total cell volume... 2.5 +0.257 cc. lower resting subjects 
corpuscular 


0.1 +0.765 cu. micra lower resting subjects 
hemoglobin....... 1.5 +0.309 micromicrogram lower resting subjects 


centration........ 1.2 +0.277 per cent lower resting subjects 


further study was made normal men the same age range, 
samples blood first being taken after unobserved random activity, then 
one hour later, the intervening time being spent complete inactivity 
bed. The following mean differences were found following the period 
rest: 


Series III 


Erythrocytes, decrease 440,000 +29,700. 

Total hemoglobin, decrease 1.05 +0.139 gram 

Total cell volume, decrease 3.1 +0.262 

Mean corpuscular volume, increase 2.3 +0.801 cu. micra 

Mean corpuscular hemoglobin, increase 0.6 +0.338 micromicrogram 

Mean corpuscular hemoglobin concentration, decrease 0.2 +0.281 per cent 


both groups, the lower mean values for erythrocytes, total hemoglobin 
and total cell volume are definitely significant, correlating with previous 
investigation which has shown significant increase these values with 
activity. 

The difference mean corpuscular volume between the subjects 
series and not significant, while the differences mean corpuscular 
hemoglobin and mean corpuscular hemoglobin concentration these series 
are statistical significance. 

The differences mean corpuscular volume, mean corpuscular hemo- 
globin and mean corpuscular hemoglobin concentration observed before 
and after rest series are not sufficient magnitude statistical 
significance. 


Methods for the direct determination and calculation the osmotic pressure 
(by invitation) and Davin (by invitation). The Depart- 
ment Physiology, Vanderbilt University School Medicine, and the 
Department Medicine, Vanderbilt University Hospital. (Demon- 

The essential steps the preparation and standardization collodion 
sacs the correct permeability for the determination the colloid osmotic 
pressure will presented. modified Krogh micro-osmometer and 
new type water manometer, designed combine the features reason- 
able cost, accuracy and ease manipulation, will display. nomo- 
gram which enables the calculation the approximate value the colloid 
osmotic pressure human blood serum from the albumin and total protein 
concentrations, will presented. The nomogram based determina- 
tions carried out blood sera 128 normal and pathological human 
cases, and representation the formula: 
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where the colloid osmotic pressure millimeters the 
total protein content and the albumin content, grams per 100 cc. 


The effects prolonged administration potassium iodide rabbits. 
Westra (by invitation). Department Physiology, University 
Chicago. 

The purpose this investigation was compare the effects prolonged 
daily administration adult and growing rabbits. 

Oral administration (in capsules) amounts 0.1 gram per day 
caused marked loss body weight, and finally caused death the animal. 
The animals show terminal cachexia, diarrhea, and rise body tem- 
perature. autopsy there enlargement the adrenals, and frequently 
hyperemia the lungs and pleural effusion. 

When administered orally increasing doses growing rabbits, 
a-dose 1.4 gram per day may finally given with effect body 
weight when compared with that litter-mate controls. The thyroid 
autopsy hard with decreased vascularity, and microscopically shows 
flattened epithelium with increased amount colloid. This micro- 
scopic picture may also found some control animals. 

Growing rabbits injected subcutaneously with isotonic solution 
increasing doses, may finally given 2.5 grams daily without showing 
any differences weight when compared with litter-mate controls injected 
with equivalent dose 


micro conductance cell. Department Physiology, 

Washington University, Saint Louis. (Demonstration.) 

short length pyrex capillary tubing, which serves the chamber 
containing the liquid under investigation, sealed between the female 
elements two ground glass joints. The platinum wires serving elec- 
trodes are sealed into the male elements and are inserted into the liquid 
the chamber for determination. The electrical conductivity sample 
small 0.2 cu. mm. can determined. 


Clearances urinary constituents. and MONAGHAN 

(by invitation). Washington University, St. Louis. 

The concentration ratios and clearances creatinine, glucose, inorganic 
sulphate and phosphate phlorhizinized dogs have been com- 
pared. two these show the same concentration ratios with any 
consistency. Except one experiment creatinine always concentrated 
more than any the other substances. Since creatinine almost cer- 
tainly secreted the tubules normal plasma creatinine levels seems 
improbable that they would fail secrete any exogenous creatinine. 
believe that creatinine clearances with normal plasma creatinine levels are 
not determinable. The concentration ratio inorganic phosphate may 
considerably less than unity even with only slightly increased rates 
urine flow. seven experiments out ten the concentration ratio 
sulphate greater (usually much greater) with high plasma sulphate levels 
than with normal; one the reverse true, while two the ratio with 
higher levels sometimes greater and sometimes less than with the normal 
level. seven experiments out eleven the concentration ratio phos- 
phate greater with high plasma levels than with normal, two the 
reverse true and two the ratio with high levels sometimes greater 
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and sometimes less than with the normal level. The creatinine and glu- 
cose clearances are not function their plasma levels and are relatively 
constant. The sulphate clearances are always greater with high plasma 
sulphate levels than with the normal, with rough proportionality. The 
phosphate clearances are not related the plasma phosphate level and 
are absolutely inconstant. The glomerular filtration rates demanded 
the creatinine clearances are sometimes very high but perhaps case 
impossibly so. Sulphate clearance probably too low measure 
glomerular filtration rates. The back-diffusion concept does not give 
satisfactory quantitative explanation certain findings. offers some 
qualitative difficulties that one and the same animal there must 
assumed varying and interchangeable relationship between the perme- 
abilities the tubular cells the various constituents. 


Further study the effect moving liquid the electrical stimulation 
and Department Physiology, University Illinois, 
Urbana. 

Skeletal muscle (frog’s gastrocnemius), cardiac muscle (heart turtle), 
and plain muscle (turtle’s pylorus) were suspended glass tube em. 
diameter and long filled with Ringer’s solution and stimulated 
with sub-minimal, sub-maximal and maximal induction shocks both when 
the liquid was circulating the tube around the muscle and when was 
standstill. 

was found that the movement the liquid, whether brought about 
the bubbling gas circulating Ringer’s solution, increased the effective- 
ness sub-minimal electrical stimuli causing them produce practically 
maximal contractions although the movement the liquid without the 
electrical stimuli produced contractions. 

The movement the liquid also increased the effectiveness sub-maxi- 
mal electrical stimuli with skeletal muscle, thereby producing higher con- 
tractions, but had effect the height contractions cardiac muscle. 

When maximal electrical stimuli were used, movement the liquid had 
effect the height contractions any the different kinds 
muscle used. 

Movement the Ringer’s solution the glass tube which was sus- 
pended piece rhythmically contracting plain muscle, well rhyth- 
mically contracting turtle’s heart, increased the height and rate the 
contractions plain muscle, but had effect the rhythmical contrac- 
tions the heart. matter fact, the movement the liquid, for 
example, during single rhythmical contraction the plain muscle, in- 
creased the height the contraction more than the most intense tetanic 
shocks from induction coil. The moving liquid increased the height 
rhythmical contraction from mm. mm. while the tetanic shocks 
increased from mm. mm. height. 


The influence pregnancy upon the calorigenic action 
invitation). Department Physiology, Creighton University School 
Medicine, Omaha, Nebraska. 

The calorigenic action mgm. thyroxine administered intrave- 
nously has been studied the same dog before, during and after pregnancy. 
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Because variations the level the basal metabolism have 
lated the responses from the zero base line all curves, thus giving the 
rather than the response. general, however, the extra 
response showed the same variations the total. Four experiments per- 
formed before pregnancy gave average value 808 liters oxygen with 
maximal and minimal variations per cent. The duration the 
response was approximately one week. Experiments starting the 36th 
and 58th days pregnancy gave values 997 and 1203 liters oxygen 
respectively. This increase the action thyroxine persists 
during the early post partum period and was 972 and 977 liters experi- 
ments beginning the 4th and the 25th days post partum. The individ- 
ual curves show that the calorigenic action more sustained and longer 
duration than before pregnancy. The increase not due entirely the 
lengthening the curves since still definitely increased when calcu- 
lated for period one week. response finally returns normal 
that the 166th and 195th days post partum the values were again within 
the range obtained before pregnancy. During the early part pregnancy 
there seems slight drop the B.M.R. followed rise the latter 
part. After parturition the B.M.R. showed profound drop and required 
approximately months return normal. Since the increase the 
calorigenic action thyroxine persisted into the post partum period 
not due fetal influences. working hypothesis suggest that 
these results are due relative reduction the thyroxine concentration 
the body the mother. Further work progress. 


The calorigenic action thyroxine normal dogs and comparison with 


(by invitation). Department Physiology, Creighton University 

School Medicine, Omaha, Nebraska. (Read title.) 

Wilhelmj and Boothby noted the constancy the action 
mgm. thyroxine when administered intravenously the same dog 
maintained under standard conditions. the present study have 
analyzed the response two different dogs and compared with the re- 
sponse the human subject. Five experiments were performed dog 
(reported Wilhelmj and Boothby) which weighed 7.4 kgm.; six experi- 
ments were performed dog which weighed 11.1 kgm. The average 
extra oxygen consumption following the intravenous injection mgm. 
thyroxine was liters for dog and 102 dog II. both dogs 
the maximum and minimum variations from the average were within 
per cent. comparative study these results was found that 
almost perfect agreement was obtained when the calorigenic action was 
expressed liters extra oxygen per kilogram body weight per mgm. 
thyroxine; this value averages 0.99 liter dog and 0.92 liter dog II. 
This value was compared with the value obtained three human sub- 
jects reported the literature and was found approximately the 
same. Fourteen experiments two dogs and three human subjects gave 
average value 1.05 liter extra oxygen per kilogram body weight 
per milligram thyroxine and the maximum and minimum variations 
were within per cent the average. From this appears that the 
action thyroxine dogs and human subjects practically 
identical when expressed this manner. 
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The seat action cyanide pulmonary WINDER 
(by invitation), OWEN WINDER (by invitation) and 
GESELL. Department Physiology, University Michigan, Ann 
Arbor. 

known from work Heymans al., NaCN circulating past inner- 
vated carotid sinuses causes abrupt, intense, transient increases respira- 
tion. Since these experiments brief statements have been made from this 
laboratory concerning the relative significance peripheral and intra- 
cranial action cyanide stimulating respiration. This work has been 
continued. 

The average minimal carotid dose for reflex effect among dogs was 
0.001 mgm. NaCN per kgm. body weight. 

Studied intravenous injections after sinus denervation, cyanide had 
variable and much less intense vagus effect; viz., slight increase rate 
rate and amplitude, decrease rate frequently with irregular increase 
amplitude. There are reasons for believing that cardio-aortic rather 
than pulmonary abdominal endings are involved this response. 
This effect overlapped with more less demarkation onto later definite 
smooth stimulation elicitable after vagotomy. 

The threshold respiratory stimulation intravenous injections 
was approximately trebled five animals after sinus denervation 
and vagotomy. 

Effects general qualitatively similar each other and those 
intravenous injections after denervation, differing chiefly time relation- 
ships, were elicitable vertebral intra-arterial injections after sinus 
denervation, and injections into the fourth ventricle. Occasional de- 
pressions occurred. 

Stimulations through the fourth ventricle (and probably vertebral 
artery) appear definitely intracranial origin. Our experience that 
carotid injections after sinus denervation only affect respira- 
tion indicates that fourth ventricle and vertebral effects are locatable 
the inferior part the brain. There evidence that they are not due 
ordinary unspecialized afferent impulses over the vascular sensory innerva- 
tion. Their long latent period, smooth onset and recession, and the fact 
that they vary qualitatively with the dose used and the animal’s condition 
from simple stimulation stimulation followed depression, with fre- 
quently long tertiary increase especially amplitude case suffi- 
ciently large dosage apnea, strongly suggest that the action directly 
brain stem nuclei giving origin to, influencing, mediating respiratory 
motor impulses, rather than any additional specific vascular reflex zone. 


Cases periodicity respiration after carotid sinus denervation and double 
vagotomy. CLAUDE WINDER (by invitation), OWEN WINDER 
(by invitation) and Department Physiology, Uni- 
versity Michigan, Ann Arbor. (Read title.) 

Before the importance vascular reflex zones affecting respiration was 
emphasized many theories had evolved explain persistent periodic 
respiration, which did not consider reflexes from these zones factor. 

experiments involving vigorous procedures, including cyanide 
injections and low oxygen administration the point damage respira- 
tion and circulation, periodicity was observed with these reflex zones de- 
nervated (carotid sinus and zones). 
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There were usually apneas the depression phases. such cases 
respiratory periodicity among the several experiments bore constant 
relationship the blood pressure waves present. one experiment, 
where the depression phases did not include apneas, fluctuations 
blood pressure related respiratory periodicity were readily appreciable. 

These observations indicate directly that although vascular reflexes 
may modify respiratory periodicity the intact animal, they are not essen- 
tial for its frequent incidence, least under experimental conditions. 

apparent from work Owen and Gesell, and Schmidt, that the 
physiologically important stimulant, carbon dioxide, acts mostly intra- 
cranially, rather than peripherally. seems important also recall 
animals demonstrated Ivy and Cromer, which after sinus denervation 
appeared have normal respiratory response except under conditions 
exercise, when oxygen deficiency was probably established. Under 
these conditions there was slightly less than normal response. 

The brain-stem nuclei concerned with respiration appear definitely 
maintain their position important sensitive regions fluctuations 
physiological respiratory 
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THE INFLUENCE DESICCATED THYROID GLAND, THY- 
ROXIN, AND INORGANIC IODINE, UPON THE STORAGE 
GLYCOGEN THE LIVER THE ALBINO RAT UNDER 
CONTROLLED CONDITIONS 


HOWARD COGGESHALL JAMES GREENE 


From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, and the 
Department Medicine, Indiana University School Medicine 


Received for publication September 1932 


The function the thyroid gland the regulation carbohydrate 
metabolism still disputed. Underhill and Blatherwick (1) could find 
glycogen the liver after thyroparathyroidectomy the dog and Par- 
hon (2) reports that was greatly reduced. (3) found 
that the liver was normal after thyroparathyroidectomy the 
rat. The glycogen content the liver has been found reduced 
following the administration desiccated thyroid thyroxin mice, rats, 
rabbits and cats Cramer and Krause (4), Parhon (5), Kuriyama (6), 
Herring (7), Burn and Marks (8), Fukui (9), Abelin, Goldener, and Ko- 
bori (10), Lawrence and (11), Abderhalden and Wertheimer (12), 
and Romeis (13). has also been found reduced after the adminis- 
tration phenylethylamine, para-oxyphenylethylamine and tyramine 
Abelin and Jaffe (14), and Romeis and Von Zwehl (15) found 
the same effect after diiodotyrosine but not after sodium iodide. 

The glycogen content the liver fluctuates with the type and quantity 
the diet, the length time after the ingestion food and the amount 
muscular activity, and diminishes rapidly after death. difficult 
evaluate the results the authors referred above because they did not 
take these factors fully into account their reports. 

Before proceeding with systematic study the influence thyroid 
upon the liver glycogen, necessary establish conditions which can 
satisfactorily controlled. Cori and Cori (16) have shown that the gly- 
cogen content the liver rats becomes established low and fairly 
constant level after the animals have fasted hours. However, 
desiccated thyroid and thyroxin have been reported reduce the glycogen 
content the liver and is, therefore, desirable establish com- 
paratively high level the control animals. Cori (17) also showed that 
the rat the liver glycogen reached maximum about four hours after 
glucose was placed the stomach. 
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The albino rat was selected the experimental animal because the 
observations Cori and Cori, and also because large number ani- 
mals, uniform stock, age and nutritional conditions are available; the 
liver small enough analyze toto; glycosuria not produced the 
rat the administration grams glucose per kgm. body weight 
(16), nor large doses desiccated thyroid (4), (6); the diet the rat 
more like that man than the diet other laboratory animals, and 
the rat less resistant thyroid medication than the dog (18). 

The glycogenolysis that after death very slight, provided the 
liver removed and placed boiling sodium hydroxide within seconds 


TABLE 1 
Table shows the effect constant daily dose desiccated thyroid over varying periods 
time and varying daily doses for constant periods time upon the liver 
glycogen. Group IIT 


MGM. PER CENT LIVER 
GLYCOGEN 


LIVER GLYCOGEN PER | 
100 GM. LIVER (GM.) 
DESICCATED 
THYROID 
FED DAILY 


AVERAGE 
LIVER 
WEIGHT Average | Greatest 
deviation deviation 
from from 
mean mean 


Average | Greatest 

| deviation deviation 

Average from from 

mean | mean 


NUMBER 
OF RATS 


Average 


| 


44.93 
45.78 
16.85 
29.57 
29.3 


0.831 
0.913 
0.331 


+5.9 
+0.04 
0.639 
+7.5 0.498 


+5.9 
+20.46 
+0.04 
+5.3 


+0.5 
+1.5 
+2.8 


~ 


40. 
24. 
17. 


99 


= 


o 


+12.9 
+1.48 


+20.2 0.727 
—4.0 0.439 
0.357 
0.297 


_ 


The purpose these experiments was ascertain whether not the 
liver glycogen could raised uniformly high level control animals; 
compare the action desiccated thyroid gland, thyroxin and inor- 
ganic iodine upon the storage liver glycogen, and determine the 
relationship between the quantity desiccated thyroid given and the 
time required produce the maximum decrease liver glycogen stand- 
ardized animals. 

Male albino rats that weighed between 180 and 250 grams and 
were the same stock were used. They were fed breed- 
ing diet for preliminary period two weeks. One group rats were 
starved for hours, after which the liver was removed for glycogen deter- 
mination. ten animals the second group were starved hours, 
after which each was given 1.0 gram chemically pure dextrose intraperi- 
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toneally; the liver was removed four hours after the injection. Dextrose 
was administered intraperitoneally avoid loss diarrhea that may occur 
following large doses desiccated thyroid gland. The third group 
rats received from 0.05 0.3 gram desiccated thyroid gland daily for 
one fourteen days, shown table The same lot desiccated 
thyroid gland was used throughout these experiments. was mixed with 
few drops butter and fed watch crystal. The total dose was 


TABLE 


Table shows the effect varying doses desiccated thyroid, and inorganic 
iodine for constant period time upon the liver glycogen, groups and 


MGM. PER CENT LIVER LIVER GLYCOGEN PER 100 GM. | 
AVERAGE| GLYCOGEN | LIVER 
OF RATS et | WEIGHT | | Average | Greatest | Average | Greatest | KILLED 
mean mean mean mean 
thyroid | | 
(gm.) } } 
Thyroxin 
(mgm.) 
| } | 
(mgm.) 


always consumed. The rats the fourth group received from 0.5 
4.0 grams daily desiccated thyroid gland for two days shown table 
The fifth group consisted rats, which were given subcutaneously 
from 0.1 2.0 mgm. thyroxin daily for two days shown table 
The rats the sixth group were given subcutaneously from 0.5 4.0 
mgm. iodine the form potassium iodide daily for two days shown 
table 

The animals the third, fourth, fifth and sixth groups were also starved 
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hours, after which each was given 1.0 gram chemically pure dextrose 
intraperitoneally. The liver was removed for glycogen determination 
four hours after the injection. 

Each animal was decapitated, and the entire liver removed within 
seconds and placed weighed flask containing cc. per cent hot 
sodium hydroxide. soon the added weight the liver was deter- 
mined, the flask was boiled for two minutes destroy sub- 
stances and carbohydrates other than glycogen. The flask was placed 
steam bath for four hours, the end which time ce. distilled 


TABLE 
Table shows the comparative action desiccated thyroid gland and equi- 
iodine doses, and the relative doses necessary reduce the liver glycogen 
approximately the same level 


| LIVER GLYCOGEN, 
SUBSTANCE GIVEN TOTAL DOSE 1ODINE, GRAMS PER 100 Gm. 
MGM. GIVEN Pesce 


Thyroid 0.35 gm. 0.498 
Thyroxin 1.0 mgm. 0.512 


Thyroid gm. 0.913 
Thyroxin 2.0 mgm. 0.298 
Thyroid gm. 0.727 


Thyroid gm. 0.439 


Thyroid 0.533 


Thyroid 0.297 


Thyroid gm. 0.214 
Thyroxin mgm. 0.237 


water were added, and later enough per cent ethyl alcohol make 
per cent alcoholic solution. Twenty-four hours were allowed for com- 
plete precipitation the glycogen, which was filtered and washed succes- 
sively with per cent alcohol (plus few drops saturated sodium chloride 
solution), with per cent alcohol, andether. The filter paper was allowed 
dry, returned the original flask and 100 cc. distilled water and 
per cent hydrochloric acid were added. The glycogen was hydro- 
lyzed steam bath for exactly four hours. The time and method 
hydrolyzation are important consistent results are obtained. The 
solution was then neutralized and made desired volume. The sugar 
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determinations were made the Folin-Malmros micro method (20), and 
duplicate determinations were made the standard and unknown solu- 
tions. 

RESULTS AND The liver glycogen after 48-hour fast 
averaged 9.8 mgm. per cent with average variation 2.8 mgm. per 
cent, average 0.184 gram glycogen per 100 grams liver with 
average variation 0.041 gram. This compared favorably with the 
results Cori and Cori (16). The administration dextrose intraperi- 
toneally increased the liver glycogen average 100.5 mgm. per cent 


A-RATS ONFULL DIET 
HOURS 


Fig. 


with average variation 17.5 average 1.69 gram per 100 grams 
liver with average variation 0.26 gram. 

The liver glycogen was reduced following the administration desic- 
thyroid gland and thyroxin, but not materially altered iodine 
the form potassium iodide. general, the reduction was greater 
following larger doses desiccated thyroid thyroxin but the reduc- 
tion was not proportional the dose (fig. 1). 

Kendall (21) and Romeis (13) found that several small doses thyroxin 
gave more marked result than one large dose. our experience small 
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total doses desiccated thyroid gland reduced the liver glycogen more 
when divided over longer period time than when given for short 
period. The liver glycogen was less after total dose 0.35 gram 
desiceated thyroid gland divided over period seven days than when 
0.3 gram was given for one day. The liver glycogen was also lower, after 
0.7 gram desiccated thyroid seven days than after 0.6 gram two 
days; after 0.9 gram three days than 1.0 gram two days, and after 
1.4 gram seven days than after 1.5 gram five days. However, with 
larger doses this does not appear true. The liver glycogen was re- 
duced 0.349 gram per 100 grams liver after 2.0 grams desiccated 
thyroid were given two days and 0.357 gram per 100 grams liver 
after 2.1 grams thyroid were given seven days. The liver glycogen 
was also reduced approximately the same extent after 4.0 grams 
thyroid two days and 4.2 grams desiccated thyroid 
fourteen days. 

thyroid gland has been found more effective than 
thyroxin equi-iodine doses Hunt (22), who used the aceto-nitrile 
method, and Cameron and Carmichael (23), who used the growth rate 
the albino rat. The effect upon the liver glycogen comparable total 
doses thyroid and thyroxin iodine are shown the first three groups 
figures table The last three groups figures show the relative total 
doses thyroid and thyroxin iodine that reduced the liver glycogen 
practically the same level. Thyroxin was more effective than desiccated 
thyroid gland equi-iodine doses reducing the liver glycogen. 

Since the potency desiccated thyroid gland may vary, the degree 
potency the thyroid substance used these experiments might ques- 
tioned. However, have used this same lot desiccated thyroid gland 
two human subjects with myxedema (unpublished experiments), and 
both showed the typical response thyroid medication. The basal metab- 
olism rose from minus per cent and minus per cent plus per cent 
and plus per cent following the administration 3.72 and 5.16 grams 
desiccated thyroid gland, respectively. The first subject had previously 
received thyroxin and the basal metabolism had risen from minus per 
cent plus per cent following the administration 15.4 mgm. thy- 
roxin. The basal metabolism was increased 2.85 per cent for each milli- 
gram thyroxin. Boothby, Sandiford, Sandiford and Slosse (24) found 
that the average increase the basal metabolism subjects with myxe- 
dema was 2.8 per cent for each milligram thyroxin. The response 
our two patients with myxedema desiccated thyroid gland shows that 
was practically effective thyroxin equi-iodine doses. The average 
increase the basal metabolism was 2.85 per cent for each 0.7 mgm., and 
0.76 mgm., respectively, thyroid iodine, and 2.85 per cent for each 0.65 
mgm. thyroxin iodine. 
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SUMMARY 


method which the liver glycogen rats can set 
and maintained relatively high and fairly uniform level. 

The liver was reduced the administration thyroid and 
thyroxin. general, the effect was greater with larger doses but was 
not proportional the dose. 

The liver glycogen began fall within hours after the first dose 
desiceated thyroid thyroxin was given, and remained low long 
thyroid administration was continued (14 days). 

When thyroxin and desiccated thyroid were given equi-iodine 
doses, the former lowered liver glycogen more than the latter. 

The desiccated thyroid gland was almost effective thyroxin 
equi-iodine doses when given patients with myxedema. 

Inorganic iodine had practically influence upon the liver glycogen. 
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The thyroid-adrenal relationship has been the subject much investi- 
gation. Marine and Baumann reported that bilateral adrenalectomy 
rabbits usually followed increased total respiratory metabolism (1), 
but that previous thyroidectomy lessened prevented the rise metab- 
olism following adrenalectomy al. (3, 4,5) reported that 
bilateral adrenalectomy cats and dogs followed fall metabolism 
whether the thyroids are intact totally removed. This study was under- 
taken determine both the effect bilateral adrenalectomy mice 
the metabolism their excised muscle tissue and also the relationship 
the thyroids the observed effect, any. 

METHOD PROCEDURE. Method study. attacking the questions 
outlined the introduction the respiratory metabolism the excised 
skeletal muscle tissue mice was determined under the following experi- 
mental conditions: 

Bilateral adrenalectomy. 

II. Bilateral thyro-parathyroidectomy. 

ii. Adrenalectomy preceded thyro-parathyroidectomy. 

iii. Experimental hyperthyroidism induced the administration 
thyroxin. 

iv. Adrenalectomy followed experimental hyperthyroidism induced 
the administration thyroxin. 

III. series experiments was also completed which comparison 
was made between the respiratory metabolism the excised muscle 
tissue, and ii, the whole mouse affected adrenalectomy. 

For every determination made mouse under experimental conditions 
one was made normal litter mate control. 

Animals used. The animals chosen for these series experiments were 
mice. One the reasons for this choice because accessory cortical tissue 
present mice rabbits varying amounts. Just Marine and 
Baumann found rabbits (1), one finds mice that bilateral adrenalec- 
tomy fatal some but not others, the difference being due presumably 
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the different amounts accessory cortical tissue present. Those that 
live show varying degrees adrenal insufficiency and are therefore suitable 
material for such study this. 

Another reason for the choice mice the thinness the muscle 
their anterior abdominal wall. account this fact one able excise 
lateral strips this muscle suitable for tissue metabolism experiments 
without having resort slicing, which undoubtedly wounds many cells 
and liberates tissue fluids either both which effects may exert influ- 
ence the metabolism the tissue. making muscle slices great diffi- 
culty encountered obtaining pieces uniform thickness, difficulty 
which avoided the use abdominal muscle. Not the least advantage 
gained also the great saving time making the preparation. 

Measurement excised muscle metabolism. The aerobic metabolism 
the excised abdominal muscle the mice was determined the Warburg 
differential method this method both the oxygen consumption, 
designated and the carbon dioxide production, designated were 
determined and expressed cubic millimeters oxygen consumed, desig- 
nated and carbon dioxide produced, designated per milligram 
dried tissue per hour. The difference between and Qo, gave the extra 
carbon dioxide produced and was measure the acid produced 
glycolysis, but, since the results obtained concern oxygen consumption 
only, the figures for lactic acid production have not been included. 

The Warburg method has been modified follows: 

the medium. The liquid medium used was modification 
Warburg’s Ringer’s solution The modification consisted adding 
dextrose make its concentration 0.2 per cent, and phenol red make 
its concentration 0.00075 per cent, and bubbling through this dextrose- 
phenol red-Ringer’s solution gas mixture per cent oxygen and per 
cent carbon dioxide bring 7.40. The concentration phenol 
red this solution was the optimum for colorimetric determinations 
the Hastings and Sendroy method (8) samples taken from the vessels 
the conclusion experiment. The changes the liquid media 
served check the carbon dioxide production both from respiration 
and from glycolysis. 

Equilibrium. The determinations tissue metabolism were made 
with the vessels 37° 0.01° water bath, which was kept 37° 
0.2° constant temperature room where the preparation the vessels and 
tissue was also carried out. simultaneously equilibrating the vessels 
containing the Ringer’s solution with the per cent oxygen and per cent 
carbon dioxide gas mixture, the gas and liquid phases were brought close 
their final equilibrium condition that the time elapsing between the 
excision the tissue and the attainment equilibrium between tissue, 
liquid, and gas wasa minimum. The time consumed excising the tissue 
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and placing the vessels was usually minutes, and the time allowed 
for attain equilibrium both the air bath and the water bath was 
usually minutes, that approximately minutes elapsed after the 
mouse was sacrificed until measurement its tissue metabolism began. 
Calculations. Warburg (6) has deduced the following equations 
express the measurement tissue respiration the differential method: 


where, and represent the number cubic millimeters, respectively, 
oxygen consumed and carbon dioxide produced; 

Ko, and represent the oxygen and carbon dioxide constants, respec- 
tively, the vessel containing the larger amount liquid; 

ko, and represent the oxygen and carbon dioxide constants, respec- 
tively, the vessel containing the smaller amount liquid; 

and represent the heights millimeters the liquid the mano- 
meters the vessels containing, respectively, the smaller and larger amounts 
liquid. 

Calculations and means the foregoing equations are some- 
equations and ii, and the letters are substituted for the con- 
stants the resulting equations, may shown that 


acd 
bed abd 


When the numerical values the constants are substituted place the 
letters equations and the resulting equations are simple 
binomial expressions involving only and with their numerical 
cients. For example, for one pair vessels used, 


02 


Sensitivity. the and expressions the preceding section, 
may shown that the numerical coefficients and expressions 
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and vii will vary with and expressions and and that the 
latter will vary with the gas and liquid content the vessels. 
pair, and was selected, whose volumes the manometer menisci 
were 12.17 and 25.64 respectively, and compared with vessel pair, 
and whose volumes were 16.33 and 16.24 respectively. When 
vessel pair and contained and Ringer’s solution, respectively, 


and 


and ec. Ringer’s solution, 


When vessel pair, and contained 
respectively, 


When comparable pieces abdominal muscle mouse were placed each 
the vessels, there was great discrepancy the Qo, and values ob- 
tained the two vessel pairs. When, however, and contained 
and Ringer’s solution, respectively, that 


and 


X20, 


there was good agreement the Qo, and values obtained the two 
vessel pairs. the first case, where there was agreement the coeffi- 
cients and for the and vessel pair were large; the second case 
where there was good agreement the coefficients and for the and 
vessel pair were small; both cases the coefficients and for the 
and vessel pair were small. Since the manometer readings will 
maximum for minimum values the coefficients, appears desirable for 
tissues respiring the rate abdominal muscle mice that the quantity 
gas and liquid the vessel pair such give small coefficients 
and are practicable. Vessel pair and which fulfilled these 
conditions, was one several similar pairs used the following experiments. 

ADRENALECTOMY THE METABOLISM EXCISED ABDOMINAL 
MUSCLE MICE. Operative procedure. Bilateral adrenalectomies were 
performed the mice under light ether anesthesia the dorsal route. 
Reflecting the skin bilaterally from central dorsal incision, bilateral inci- 
sions were made through the lateral abdominal walls just dorsal the last 
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ribs. With this exposure was possible after little practice find and 
excise the adrenals minute two without causing other trauma hem- 
orrhage than that due the required incisions and excisions. The mouse 
usually carried for days after the operation much nothing 
had happened, and the symptoms that subsequently appeared were those 
characteristic adrenal insufficiency, not operative procedure. 

Symptoms adrenal insufficiency. The usual effects bilateral adrenal- 
ectomy observed other animals, especially rats and rabbits, were also ob- 
served mice. There were symptoms observable ordinary inspec- 
tion before days. Then about per cent the mice died within 
days showing the following symptoms: they began eat less well 
and finally wholly refused food; their weight markedly decreased and their 
rectal temperature fell from degrees below normal; they indulged 
almost voluntary activity, and some cases the weakness manifested 
itself inability use the hind quarters; few died convulsions. The 
behavior the other per cent appeared normal, but when compared 
with their normal litter mates they showed differences weight gains, 
voluntary activity, endurance tests, and muscle tissue metabolism. 

Weight gains. Mice that survived bilateral adrenalectomy for longer 
periods than days usually showed initial weight loss followed 
weight gain until about days after operation. During the day 
period after adrenalectomy most these mice either made gain suf- 
fered loss weight, whereas their unoperated litter mates continued 
gain weight. This accord with Jaffe’s observation (9) that one the 
symptoms adrenal insufficiency rats progressive emaciation with 
marked complete absence fat. 

Voluntary activity. Several mice that survived bilateral adrenalectomy 
until sacrificed had their voluntary activity measured the number 
revolutions they made per day revolving wheel. was found that the 
average number revolutions per day during the day period after 
adrenalectomy was much less than before the fortieth day after. 

Endurance tests. Several mice that survived bilateral adrenalectomy 
from days were subjected endurance tests. Both the operated 
mouse and its litter mate control were kept place the outside 
revolving wheel, and the wheel was revolved slowly requiring the mice 
keep motion maintain their positions. case was the operated 
mouse able make many revolutions its normal litter mate. most 
cases the operated mouse soon showed signs exhaustion and generally 
collapsed after few hundred revolutions and later whereas 
the normal mouse would soon voluntarily resume its activity being 
placed inside the wheel. This accord with the observation Gans 
and Miley (10) who showed that the total work done adrenalectomized 
rats before complete fatigue set was only one-sixteenth that carried 
out the controls. 
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Tissue metabolism. The effect bilateral adrenalectomy the metab- 
olism the excised abdominal muscle the surviving mice was deter- 
mined various intervals from 111 days after adrenalectomy. The 
differences metabolism adrenalectomized mice compared with 
that their litter mate controls are shown figure will noted 
that beginning about the fortieth day and continuing until about the 
seventieth day after adrenalectomy the differences were large and positive, 
whereas before this period the differences were small and negative, and after 
this period small and either positive negative. During the day 
period the average oxygen consumption values the adrenalectomized 
mice was 6.23, which was significantly greater than the value 4.62 ob- 
tained for their litter mate controls. the increased value was due, 
Marine and Baumann (1) thought, uninhibited activity the thy- 
roids will left for fuller consideration the next section. 

THE EFFECT EXPERIMENTAL HYPO- AND HYPERTHYROIDISM THE 
METABOLISM EXCISED ABDOMINAL MUSCLE ADRENALECTOMIZED MICE. 
order test the hypothesis that the increased metabolism excised 
abdominal muscle mice occurring after bilateral adrenalectomy due 
increased activity the thyroid glands, three series experiments were 
performed order study first, the effect bilateral thyroidectomy alone; 
second, the effect adrenalectomy preceded thyroidectomy; third, the 
effect experimental hyperthyroidism both with and without previous 
adrenalectomy. 

Effect bilateral thyro-parathyroidectomy. Since thyroidectomy mice 
also involved parathyroidectomy, attempt was made prevent tetany 
following the treatment used Rockwell (12) rats. This consisted 
essentially feeding the mice predominantly buttermilk diet both 
before and after operation. Under this system feeding tetany was 
ever observed. Some fatalities occurred, but they were during soon 
after the operation and seemed due mainly hemorrhage. When 
the surviving mice were finally sacrificed for their abdominal muscle, autop- 
sies showed that complete removal the thyroids was rarely accomplished. 

Symptoms thyroid insufficiency other than metabolic were few. 
perhaps worth mentioning, however, that loss hair frequently occurred 
and some cases there was excessive gain weight. 

Tissue metabolism experiments were performed these mice and 
their litter mate controls. average oxygen consumption value the 
thyroidectomized group was 4.27, which was significantly less than the 
value, 6.02, obtained for the control group. 

Effect adrenalectomy preceded thyro-parathyroidectomy. Bilateral 
thyro-parathyroidectomies were performed described the preceding 
section. About weeks after this operation bilateral adrenalectomies were 
also performed. Though the majority the mice survived the first opera- 
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tion, few, any, seemed able survive the second operation without 
treatment with thyroxin. The procedure was therefore modified fol- 
lows: after thyroidectomy subcutaneous injections 0.1 mgm. thyroxin! 
0.1 solution were made three times week. this procedure 
mice were kept alive from days after adrenalectomy. 

The tissue metabolism these mice and their litter mate controls 
was determined various intervals during the day period after 
adrenalectomy. The average oxygen consumption value the thyro- 
parathyroid-adrenalectomized, thyroxin-treated group was 5.69, which 
did not differ significantly from the value, 5.90, obtained for the control 
group. can regarded that the dose thyroxin administered 
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Fig. Fig. 


Fig. The difference between the oxygen consumption normal and adrenalec- 
tomized mice. 

Fig. comparison the effect thyroxin the oxygen consumption nor- 
mal and adrenalectomized mice. 


these experiments was just adequate replace the loss thyroid secretion 
due thyroidectomy, and since this amount was kept constant through- 
out the course the experiments, the absence any difference tissue 
metabolism following adrenalectomy adds weight the hypothesis that the 
increase metabolism observed the first series was due increased 
thyroid activity and not simply absence the adrenal glands. 

Effect experimental hyperthyroidism. was produced 
experimentally the mice subcutaneous injection 0.1 cc. solution 
0.1 mgm. thyroxin daily for various periods. Both adrenalectomized 
mouse and its litter mate were injected and their aerobic metabolism 


Natural thyroxin from British Drug House, London. 
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compared with that litter mate control. Twelve such experiments 
resulted average oxygen consumption 6.75 for the adrenalectomized. 
thyroxin-treated group and 6.74 for the unoperated, thyroxin-treated 
group, both which values were significantly greater than the value 5.01 
obtained for the control group. Though the values 6.75 and 6.74 (for the 
two experimental groups) were approximately equal, may seen from 
figure that the oxygen consumption the adrenalectomized, thyroxin- 
treated group was less than that the unoperated, thyroxin-treated group 
during the first days, but greater during days after adrenal- 
ectomy. Apparently, the adrenalectomized mice were more susceptible 
thyroxin administration during the latter period. This result well 
the following symptoms hyperthyroidism appear accord with the 
Marine-Baumann hypothesis that the increased metabolism was due in- 
creased activity the thyroids. 

More marked symptoms hyperthyroidism were developed the 
original group adrenalectomized, thyroxin-treated mice, namely, 
diarrhea, increased temperature, and extreme loss weight. These 
eventually succumbed, whereas their unoperated litter mates under simi- 
lar dosage did not exhibit such marked symptoms and did not succumb. 

Another symptom hyperthyroidism was shown the unoperated, 
thyroxin-treated mice lessened voluntary activity when placed 
revolving wheel. The same tendency was also exhibited mice that 
showed increased metabolism following adrenalectomy. 

will observed that the day period after adrenalectomy dur- 
ing which the tissue metabolism the operated, thyroxin-treated group 
exceeded that the unoperated, thyroxin-treated group was approximately 
the same the day period during which increased tissue 
metabolism following adrenalectomy was observed, and the 
day period during which decrease was shown voluntary activity. 

COMPARISON THE OXYGEN CONSUMPTION INTACT MICE AND THEIR 
EXCISED ABDOMINAL MUSCLE FOLLOWING ADRENALECTOMY. con- 
sumption the intact mouse and its excised muscle. The oxygen consump- 
tion the intact experimental mice was measured the Davis-van Dyke 
method (12) before adrenalectomy and also periods days after 
adrenalectomy. the latter time oxygen consumption measurements 
were also made their intact litter mate controls. Immediately after 
this final measurement the total metabolism both mice their excised 
abdominal muscle metabolism was also measured. Thirteen such experi- 
ments were carried out. The average oxygen consumption both the 
control and the adrenalectomized mice before operation was approximately 
37.5 liters per kilo body weight per hours. The average oxygen con- 
sumption the adrenalectomized group after adrenalectomy was liters 
per kilo body weight per hours, increase 16.9 per cent over the 
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value obtained for the control group. The oxygen consumption the 
excised muscle the control group averaged 4.37, the adrenalectomized 
group 5.12, the increase being 17.8 per cent. Thus, both the total and tissue 
metabolism increased during the day period after adrenalectomy, 
and the increases were approximately the same order magnitude. 

Effect adrenalectomy total respiratory metabolism. Since total respi- 
ratory metabolism and excised muscle metabolism appear related 
phenomena, the effects adrenalectomy total respiratory metabolism 
deserve consideration. 

Besides Marine and Baumann, whom reference was made the intro- 
duction having obtained increase the metabolism rabbits fol- 
lowing adrenalectomy, Golyakhovski (13) reported increase the heat 
production dogs after most the blood supply the adrenals had been 
blocked mass ligation, and Scott (14) reported slight increase the 
metabolism some cats and change others after sub-total injury 
the adrenals. 

Besides Swingle al., whom reference was made the introduction 
having obtained decrease the metabolism cats and dogs following 
bilateral adrenalectomy, Gradinescu (15) had previously made similar 
report, and Scott (14), and Aub, Forman and Bright (16) also reported 
fall metabolism cats following total removal the adrenals. 

The effects adrenalectomy total respiratory metabolism seem some- 
what discrepant according the observations the workers quoted 
the preceding paragraphs. If, however, the animals studied are divided 
into two groups, the one including dogs and cats and the other mice and 
rabbits, most the discrepancies disappear, for the two groups differ 
markedly the fact that most mice and rabbits have enough accessory cor- 
tical tissue prevent death after bilateral adrenalectomy, but not enough 
prevent some the effects adrenal insufficiency, whereas cats and 
dogs have little accessory cortical tissue that their adrenal insufficiency 
acute after bilateral adrenalectomy that death invariably results within 
The reports agree that dogs and cats bilateral adrenalec- 
tomy followed decreased metabolism, that mice and rabbits bilateral 
adrenalectomy followed most cases increased metabolism, the 
result, whether increase, decrease, neither, depending upon the amount 
active cortical tissue present. The dogs and cats which from various 
causes suffered sub-total injury the adrenals really belong the mice and 
rabbit group and therefore variable results might expected, depending 
whether the extent the injury rendered their adrenal insufficiency 
lethal sub-lethal. From these considerations appears that sub-lethal 
insufficiency likely result increased metabolism which does not 
occur the absence the thyroids, and that lethal insufficiency always 
results decreased metabolism whether the thyroids are present not. 
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CONCLUSIONS 
Summary results. The results the series experiments described 
the preceding sections have been summarized table and may 


stated follows: 
The experiments series showed that during the day period 


after adrenalectomy mice the aerobic metabolism their excised ab- 
dominal increased. Before and after that period there such 


increase. 


TABLE 
comparison the consumption groups normal and experimental 
mice 
NUMBER | | MEAN O2 CONSUMP- 
oF | DAYS | TION OF EXCISED | pIFFER-| PROBABLE 
GROUP Normal mental 
ceding adrenalec- 
tomy 
tration 
ceding throxin ad- 
ministration 
PER CENT 
INCREASE 


Liters consumed per kilo intact mouse per hours. 


The experiments series II, and ii, showed that adrenalectomy 
preceded thyroidectomy there increase the aerobic metabolism 
abdominal muscle mice during the day period after adrenal- 


ectomy. 
The experiments series II, iii and iv, showed that during the 


day period after adrenalectomy, adrenalectomized mice show 
increased susceptibility thyroxin administration. 

was also shown that during the day period after adrenalectomy 
the voluntary activity adrenalectomized mice similar that un- 
operated, thyroxin-treated mice. 
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The experiments series III showed that during the day 
period after adrenalectomy the total respiratory metabolism and the excised 
abdominal muscle metabolism show corresponding increases. 

may noted table that the average oxygen consumption values 
the excised abdominal muscle the groups normal mice have varied 
follows: 4.62, 6.02, 5.90, 5.01, 4.37. The latter value was obtained 
the early spring for mice months old, while the largest value was 
obtained the fall for mice about months old. Perhaps the variation 
can accounted for partly differences age, season, strain from which 
the mice derived, and the time consumed preparing the tissue for the experi- 
ment varied much from the minutes usually taken. While the con- 
ditions have, doubt, varied from experiment experiment, important 
that they were the same for both control and experimental mouse any 
one experiment and that the differences between the two groups were consis- 
tent throughout all the experiments. 

Interpretation results. The results this study suggest relationship 
between the adrenal and thyroid glands which Marine and Baumann (1) 
first explained follows: they supposed that the adrenals exerted some 
inhibitory influence the thyroids and that, when this inhibition was 
removed, the activity the thyroids More recently, Marine 
(17) suggested that the increased production thyroid hormone 
Graves’ disease was physiological attempt toward compensation de- 
ficiency some function the adrenal cortex and sex glands. seems 
quite probable that the increased metabolism mice following adrenalec- 
tomy also physiological attempt toward compensation adrenal insuf- 
ficiency increased production thyroid hormone, and that this 
compensation continues until accessory adrenal tissue develops sufficient 
activity make further compensation unnecessary. Why this increased 
activity mouse thyroid not noticed until days have elapsed may 

due the fact that mice are very resistant the metabolic effect 
thyroxin, requiring much rabbit times heavy order 
produce corresponding effect. 
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Rotations the head set stimulation the labyrinth, mainly due 
lymph currents the semicircular canals. The position the canals 
the head such that stimulation only pair canals (both horizontal 
two vertical canals) can occur only very special conditions; generally 
all the six canals will excited the same time although with different 
intensities; therefore the reflex reaction will the result the interaction 
several allied stimuli. This problem has received thus far only little 
attention; with reference the eye nystagmus, was eliminated means 
the assumption that each semicircular canal sets nystagmus only 
pair eye muscles. This having proved not true (Lorente 
1928, 1931, 1932a), the problem presents itself again for our consideration. 
former papers was established that each semicircular canal sets 
nystagmus all the eye muscles and that the patterns due each canal 
are such that most cases when any two canals are considered the cor- 
responding patterns contain elements the same and elements the oppo- 
site direction. For instance, the current away from the ampulla the hor- 
izontal canal sets the vertical muscles the same nystagmus currents 
toward the ampulla both vertical canals, but the nystagmus the hori- 
zontal and oblique muscles due the former excitation has the opposite 
direction the nystagmus due the latter (fig. 1). Both excitations 
have, therefore, considered partly agonistic and partly antago- 
nistic; what the result the concurrence both may impossible 
determine priori, but the experiments show that when the three canals 
are excited simultaneously the resulting reaction stronger than with 
either stimulus alone, and that the reflex pattern elements each in- 
dividual pattern are present. Evidently dual process takes place the 
nervous system, one hand summation intensities and the other 
hand reversals the direction some elements the individual reflex 
patterns. 

former papers (Lorente 1931, 1932a) the reflex patterns due 
the stimulation each canal were described and also several cases sum- 
mation and postural reversal were mentioned; this paper the attempt 
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made determine the rules which direct the reflex reversal the case 
summation allied stimuli. 

TECHNIQUE. The experiments have consisted determining the 
reflex pattern produced the stimulation each semicircular canal; 


Fig. Reflexes the eye muscles set stimulation the semicircular canals. 

current toward the ampulla both vertical canals; current away from 
the ampulla the horizontal canal; and the same stimulation ina. Note 
that the reflex pattern and quite different from that inc. 

figures 1-2, the following abbreviations have been used: horizontal; v.a. 
vertical anterior; v.p. vertical posterior canals; ¢.a., current toward the ampulla; 
current away from the ampulla; O.S., obliquus superior; Rectus superior; 
R.int., Rectus internus; Rectus externus; R.inf., Rectus inferior; Obli- 
quus inferior; sec., time inseconds. The direction the nystagmus each muscle 
indicated each graph; this direction characterized the sequence slow 
contractions followed quick relaxations, slow relaxations followed quick 
contractions. indicates the moment when the nystagmus reverses its direction. 
The lower signal indicates the time during which the cold warm needle was con- 
tact with the bony canal. 

both figures, reflexes the muscles the right eye induced stimulation 
the left labyrinth. The isotonic shortening the muscles recorded the tracings 
was magnified six times. 


1 


the reflex pattern produced concurrent stimulation two three 
canals; the reflex pattern produced successive stimulation two 
three canals, the second stimulation being started during the period after- 
discharge from the first one. 

The technique used for stimulating the semicircular canals has been 
described elsewhere (Lorente N6, 1926, 1928b, 1932b) that here 
necessary mention only that the cristae have been stimulated lymph 
currents set touching the exposed bony canals with cold warm 
needles. 

Generally the stimulations have been made one labyrinth and the 
recording with the muscles the eye the other side, but several cases 
stimulations semicircular canals both labyrinths have been made; 
for instance, right horizontal canal left vertical posterior canal left 
vertical anterior canal right vertical posterior canal, etc. 

The observed phenomena are fundamentally the same when both 
stimulated canals are one labyrinth. 

The moment which the needle was applied the bony canal taken 
away from has been marked the graphs means electro-mag- 
netic signal activated with the foot. 

constant position the head has been maintained throughout ex- 
periment order avoid postural reversals the nystagmus. Gener- 
ally the head has been placed tilted backwards that the external canal 
formed angle some degrees with the horizontal plane. 

The operations have been performed under ether anesthesia. The cere- 
bral cortex was routinely extirpated and the rabbit allowed recover 
from the narcosis. 

Combining convenient form the stimuli produced two 
three currents, course different canals, possible demonstrate 
that the reflex pattern produced the stimulation crista contains 
several elements different nature which can called the “‘reflex 
and the “reflex The cannot modified 
concurrent stimulations, but the reversals other 
modifications may take place. The nucleus the direction the nystag- 
mus one pair The appendage contains the following ele- 
ments: the direction the nystagmus the muscles the two other 
pairs muscles; the amplitude the nystagmus all the muscles; 
the (postural) changes some muscles, that accompany the nystag- 
mus. this paper will refer only the first element, the reflex 
appendage. 

Figure shows how possible differentiate between ‘‘reflex 
and 


The direction the nystagmus muscle determined the sequence slow 
contractions and quick relaxations, slow relaxations and quick contractions. 
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figure the beginning, nystagmus elicited concurrent stimu- 
lation both vertical canals (currents toward the ampulla both) was 
process; current from the ampulla the horizontal canal was elicited 
and the reflex pattern changed; the vertical muscles continued show the 
same nystagmus although very small amplitude; but the oblique and 
the horizontal muscles changed the direction their nystagmus. the 
period after-discharge this reflex, the same excitation the vertical 
canals was again elicited, The reflex pattern was again changed; the 
vertical muscles increased the amplitude their nystagmus and the oblique 
muscles reversed the direction theirs, but the horizontal muscles con- 
tinued show the same nystagmus; i.e., the reflex pattern produced 
stimulation the vertical canals may contain nystagmus the horizontal 
muscles either direction. same stimulation the vertical canals 
was repeated after the reflex produced was totally over, with the result 
that the horizontal muscles now showed the same nystagmus 

There can doubt that although and the horizontal and 
oblique muscles show reflexes the same amplitude the vertical ones, 
their reaction occupies quite different place the reflex pattern, because 
can easily reversed. 

When the stimulation the horizontal canal was elicited the oblique 
muscles reversed the direction their nystagmus the same way did 
the horizontal ones; this seems indicate that these two pairs muscles 
similar position the reflex pattern the horizontal canal, differ- 
ent from that the vertical muscles. However, using other combinations 
stimuli possible demonstrate that the oblique muscles belong 
the appendage, because the direction their nystagmus can reversed; 
but since easier reverse the direction the nystagmus the vertical 
than that the oblique muscles, must consider the appendage the 
horizontal canal two parts, tightly-bound one (the oblique muscles) and 
loose one (the vertical muscles). the reflex patterns due stimula- 
tion the vertical canals also the same three parts, nucleus, tightly-bound 
and loose appendages, can demonstrated. 

The nucleus not altered postural reversal, but what called 
here appendage shows important modifications when the position the 
head space changes (Lorente N6, grade solidity the 
appendage changes and part even the whole appendage may re- 
versed. This why impossible indicate which the appendage 
each canal without indicating the same time the position the head 
which the stimulations are produced. For the purpose this paper, 
sufficient state the nuclei the different patterns. 

The nucleus the horizontal canal the direction the nystagmus 
the horizontal muscles both sides; the nucleus the vertical anterior 
canal the direction the nystagmus the vertical muscles the same 
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side and the oblique muscles the opposite side; and the nucleus the 
vertical posterior canal the direction the nystagmus the oblique 
muscles the same side and the vertical muscles the other side. 

Taking into account the existence nucleus and appendage the 
reflex pattern possible give general rules indicating how the summa- 
tion allied vestibular reflexes takes place. 

When the reflex patterns two stimuli (nucleus and appendage) are 
the same direction the reflex reactions are added and the intensity the 
reaction approximately equal the sum the effects both 

The best example given currents opposite direction the two 
horizontal canals. 

When the nuclei are different and the appendage one stimulus 
the same direction the nucleus the other, the summation takes place 
incasea. The loose parts the appendages may opposite directions, 
but this does not change the summation. good example given cur- 
rents the same direction both vertical canals the same labyrinth. 

When the nucleus each stimulus opposite the appendage the 
other, the summation does not take place readily and the results obtained 
are somewhat different the stimuli are set concurrently succession. 

When they are set succession and the second stimulus arrives late 
the after discharge the first one, the reflex reaction that was going 
arrested and new one arises which, however, the appendage often cor- 
responds the nucleus the first one. 

example this given figure but the example reproduced 
figure more striking. The current toward the ampulla the hori- 
zontal canal (fig. had produced reflex pattern which the internal 
rectus showed nystagmus with quick contractions and the inferior rectus 
nystagmus with quick contractions; current from the ampulla was pro- 
duced the vertical anterior canal (fig. b), which first arrested the exist- 
ing reaction, and then set new one which the inferior rectus had the 
opposite nystagmus before, while the internal rectus continued with the 
same one. 

When the stimuli are set concurrently the resulting reflex pattern 
constituted the nuclei both stimuli, and appendage pertaining 
the stimulus which more tightly bound. 

The appendage the reflex pattern due concurrent stimulation two 
canals may reversed another stimulus which has nucleus opposite 
toit. This clearly seen figure where the reflex pattern contains the 
nuclei the three canals and, therefore, has the same direction the spon- 
taneous nystagmus following extirpation one labyrinth (Lorente 
1928). 

When two stimuli produce opposite nuclei they are antagonistic and 
their effects cancel each other, that both are the same intensity 
motor response seen. 
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This the case with the rabbit only when currents the same direction 
both horizontal canals are produced the same time. not have 
much experience with this kind stimulation, but the cases which 
was tried the reaction was stopped soon both canals were stimulated 
the same degree. 

This negative makes impossible analyze, with the rabbit, 
the nystagmus produced humans means bilateral irrigations with 
cold warm water, which Fischer (1928) has given exhaustive 


Fig. between both arrows current toward the ampulla the horizontal 
canal that sets very strong nystagmus; the frequency very high and the ampli- 
tude, especially the R.inf., very small, the muscles seem not able follow 
quick rhythm; when later the intensity the nystagmus decreases the ampli- 
tude increases. from the ampulla the vertical anterior canal, which 
first cuts down the after discharge and then sets new nystagmus; R.inf. reverses 
the direction its reaction, but R.int. continues show the same nystagmus. Note 
that the postural change inf. the same both cases. 


description. (1928) has accepted that the reactions produced 
cold warm irrigation each ear are not totally antagonistic, but that 
they contain two antagonistic horizontal and rotary compo- 
the eye motion and one the same direction, the vertical 
nent. When both labyrinths are excited concurrently the antagonistic 
parts the reflexes cancel each other and the agonistic ones combine, hence 
the vertical nystagmus. This suggestive theory which still has serious 
difficulties overcome would principle agree with the general results 


the experiments reported here. 
theory. 

Discussion. The contradiction between the old view 1917; 
Ohm, 1919) that each semicircular canal acts that pair muscles that 
moves the eye its plane and the fact that each canal sets nystagmus 
every muscle now lessened the conception the reflex pattern con- 
stituted nucleus and appendage. Generally speaking can said 
that the nucleus the reaction constituted the nystagmus those 
muscles which every case necessary produce eye motion the 
plane the rotation the head, while the appendage constituted 
those reflexes which each case are necessary chiefly for furnishing the eye 
with fixed axis rotation (Lorente 1932a). This best under- 
when the horizontal nystagmus studied. the case the rabbit, 
with the head near the axis rotation, rotation the vertical axis 
gives rise horizontal nystagmus, provided that the position the head 
during the rotation physiological. The physiological positions are all 
those which arise when the head, starting from the normal position (hori- 
zontal canal horizontal space), tilted the bitemporal axis some 
40° upwards downwards. each these head positions the eyes 
have different position the orbit because they are rotated their 
antero-posterior axis the opposite direction the head; therefore, the 
pattern muscle contractions bringing forth the eye movements must 
different each case. The stimulus setting the reflex reactions 
produced chiefly the external canal and remains nearly constant but 
modifying the reflex pattern two factors work harmonically: the postural 
reversal, i.e., the reversal due the position the head space, and the 
reversal due the concurrent stimulation the vertical canals. de- 
tailed description the experimental facts which this theoretical ex- 
planation refers may found elsewhere (Lorente 1931, 1932a). 

The result is, then, that the the activity the muscles 
the eye includes several factors working consistently determining the 
reflex pattern which each case corresponds the purposive character 
the reflex. With the exception its nucleus, peripheral excitation will 
necessarily set determined reaction, because its appendage will 
submitted Using figure Sherrington (1931), can say 
that the peripheral stimulus movements not muscles, asks 


Quix (1929) has put forward similar 


The susceptibility reversal one the outstanding characteristics the 
vestibular reactions. The dependence the sensation rotation the position 
the head space (law Purkinje) perhaps the oldest known case postural 
reversal. Another well-known case reversal the independence 
past-pointing test from the position the arm hand. The dependence the 
nystagmus the physiological state the nervous system has been emphasized 
several times 1907; Lorente 1928a) and recently has been very forci- 
bly stated Fischer and Oldberg (1931, 1932). 
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for certain movement and the nervous system determines which the 
combination muscle contractions able set that movement the 
particular conditions which the peripheral stimuli are produced. 

the present state knowledge the anatomy the nervous system 
complete explanation the production reflex reversal certainly still 
impossible; yet, with the understanding that any explanation will later 
prove least incomplete, diagram may given which will help 
stating the problem its right terms. 

The reversal the appendage reflex pattern intercurrent stim- 
ulation seems phenomenon extremely akin the activation 
the subliminal fringe spinal reflex intercurrent stimulus de- 
scribed Denny Brown and Sherrington (1928) and further studied 
and Granit (1929). spinal reflexes the subliminal fringe, once 
activated, may remain above threshold during the whole duration the 
reflex reaction, the same way the appendage reflex pattern once 
reversed generally remains until the end the reflex. 

Sherrington (1929) has given diagram which readily accounts for the 
activation the subliminal fringe intercurrent stimulus; similar 
diagram may also principle account for the reflex reversal. Sherring- 
ton’s diagram based the fact the overlapping the 
end aborizations the nerve fibres, shown chiefly Cajal (1909, 1911). 
Such overlapping constant feature the structure the nervous 
system and also found the vestibular nuclei. 

The fibres from the cristae the three semicircular canals run parallel 
within the primary vestibular nuclei, and their collaterals are intermingled 
(Lorente 1933). They give off branches several nuclei where 
there are many kinds cells with long short axis cylinders. For the 
sake simplicity, will consider only one nucleus, the nucleus ventro 
medialis and only one kind cell this nucleus. spite such enor- 
mous simplifications, the diagram will represent one the general character- 
istics the relations between the afferent fibres and the effector cells. The 
actual distribution the fibres from the semicircular crista indicated 
the drawing figure which has been made from Golgi preparation 
the medulla from young mouse. This distribution the same with the 
rat, rabbit and cat, and presumably remains unchanged all the mammals. 

The relations the cells with the afferent fibres are shown diagrammati- 
receives few endings from and few from v.a. (vert.ant.c.) and cell 
receives few endings from and few from v.p. (vert.post.c.). When one 
the fibres v.a. v.p. conducting impulses, cells and will re- 
ceive excitatory impulses proportional number that endings upon 
the cell. When fibre discharges, cell which has numerous endings, 
will always reach threshold and discharge; the result this discharge 
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constitutes the nucleus the reflex pattern. But cells and will re- 
main sub-threshold state; both these cells and set the subliminal 
fringe; another fibre v.a. v.p. postural fibre discharging the 
same time, cells and may reach threshold excitation and discharge; 
the result the discharge the appendage the reflex pattern, 


Fig. Horizontal section through the medulla seven-day-old mouse, parallel 
the descending vestibular root. Golgi method. G.v., ganglion ventrale; 
tuberculum acusticum; r.b. restiform body; fourth ventricle; f.l.p., fasciculus 
longitudinalis posterior; facialis nerve; trigeminus; nucleus Deiters; 
n.v.m., nucleus ventromedialis; pr. nucleus proper the descending root. 

1-9, nine vestibular fibres, which and 7-9 doubtless are fibres from the semi- 
circular canals; and most likely are medium-sized fibres from the canals but could 
also from the macule the utricule. Note that fibres not give collaterals 
for the nucleus proper the descending root, but only inward-going collaterals that 
end the nucleus ventro-medialis; fibres give branches that remain within the 
nucleus proper. That fibres coming from the same end organ (the crista) have quite 
different distribution constitutes the first possibility for discriminating between pe- 
ripheral impulses. 

The fibres the three canals are mixed. Taking three fibres like and includ- 
ing some cells the nucleus ventromedialis, the diagram figure results. 
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which reversal may easily take place, because fibre discharging 
the same time v.a. the appendage will result, but cell discharg- 
ing the same time v.p. the appendage will appear. 


Fig. General arrangement cells and end collaterals the nucleus ventro 
medialis. order give elementary interpretation the reflex reversal 
assumed that cell sets the nucleus the reflex pattern and cells and the 


But since, order arrive the diagram figure enormous simpli- 
fications have been made, there remain still many other facts which cannot 
accounted for; for instance, the activation cell must 
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inhibition cell which sets the opposite appendage, i.e., mechan- 
ism similar that involved reciprocal innervation antagonistic mus- 
cles must present, already the first level the vestibular system. 
The existence such inactivations demonstrated the results the 
experiments; for instance, figure the current from the ampulla the 
vertical anterior canal arrested the nystagmus that had been produced 
current towards the ampulla the horizontal canal; the inferior rectus 
reversed its nystagmus, and while this reversal was taking place, the fre- 
quency the nystagmus the internal rectus decreased notably, in- 
crease again when the nystagmus the inferior rectus was reéstablished, 
although the opposite direction. The v.a. impulses have first arrested 
and then reversed the activity the mechanism setting the nystagmus 
the inf. and the same time have “‘blocked”’ the mechanism setting 
dently not arrested but only blocked, because int. continued show, after 
the reversal, the same nystagmus before. This also evident figure 
1,bandd. There can little doubt that cells and figure actually 
represent complicated chains containing least one neuron where the sum- 
mation subliminal impulses takes place and another neuron where the 
impulses can blocked. the other hand, since the cells where 
the summation takes place are capable sustained automatic activity, 
evident that here also, mentioned elsewhere (Lorente 1932b, 
there are several neurons arranged self-reéxciting chains (delay paths 
Forbes, 1922, reverberating circuits Ranson and Hinsey, 1931); such 
chains must include cells with short axis cylinder and recurrent collater- 
als, all the structural elements the vestibular nuclei. mechanism 
similar this, that blocks the impulses set chain neurons with- 
out arresting the activity the chain might account for other known facts, 
such the post inhibitory exaltation reflex (Sherrington, 1906, 1908; 
Forbes, 1912; Brown, 1913; Lidell and Olmsted, 1929). 

The explanation the nystagmus reversal contralateral stimuli 
requires considerably more complicated reflex are. already mentioned, 
the reversal the nystagmus impulses set the other labyrinth 
takes place exactly the same way when both stimulated canals are 
the same labyrinth. Between the primary vestibular nuclei both 
sides there not unbroken commissure; the crossed connections are 
established means internuncial relays; therefore, when for instance 
the right labyrinth reverses reénforces the effect stimuli set the 
left one, least one link more has considered the chain neurons. 
Experimentally easy demonstrate that this contralateral reversal 
depends internuncial neurons the reticular substance (Lorente 
1931, 1932b, 
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CONCLUSIONS 

The reflexes set stimulation the cristae the semicircular 
canals have been recorded simultaneously from the six eye muscles. 

The reflex pattern set individual stimulation crista has two 
parts: reflex nucleus that cannot reversed other concurrent stimu- 
lations and reflex appendage which reversals may take place. 

Two stimulations are considered antagonistic only when the 
nuclei their reflex patterns are opposite direction. When pitted 
against each other algebraic summation takes place and both are 
same intensity motor response appears. 

Two stimulations are agonistic when their nuclei are not opposed, 
although the nucleus each one may opposed the appendage the 
other. When produced concurrently their effects add quantitatively the 
same time that the appendages reversals take place that the result- 
ing reflex pattern appear the reflex nuclei both and appendage that 
belongs the stimulus which more tightly bound. 

The reflex reversal indicates the adaptation reflex pattern pre- 
existing conditions; the nucleus remains unchanged but the appendage 
modified. important note that the amplitude the reflex all 
the muscles belongs the appendage, i.e., that part the pattern sus- 
ceptible reversals. 


The mechanism production the reflex reversal discussed; 
with previous work (Lorente N6, 1931, 1932b, concluded 
that the reflex are must inclose internuncial neurons. 
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Despite the continual loss water and the frequent ingestion grossly 
irregular quantities fluid, the volume the blood remains remarkably 
constant. The extreme rapidity with which salt solutions leave 
the circulation has been demonstrated both experimentally and condi- 
tions shock. The mechanism whereby the fluid balance maintained 
not present well understood despite persistent efforts investigators 
this field. The pertinent literature has been summarized the papers 
Rowntree (1922), Bogert, Underhill and Mendel (1916), Smith and 
Mendel (1920), Chanutin, Smith and Mendel (1924) and Erlanger (1921). 

following the movement fluid into and out the circulation 
experimental animals, frequent determinations the volume the blood 
are required. has been found satisfactory use the relative blood 
volume this connection and the constituent employed for reference has 
usually been hemoglobin 1913; Chisholm, 1915; Smith and 
Mendel, 1920; Erlanger, 1921). However, the reliability determina- 
tions relative blood volume based alone the concentration blood 
pigment has been brought into question the work the liver (Lamson, 
1915), the more recent studies the spleen 1925, 1926) and 
observations the changes the bed (Meek and 
1922; Landis, 1927). 

The present study was out elucidate further the device whereby 
injected fluid temporarily stored and subsequently cared for using simul- 
taneously various constituents the blood the basis for 
changes relative blood volume. 

Healthy, well-nourished female dogs were used 
experimental animals. All animals were kept without food for hours 
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prior the injection period, but were allowed water libitum. Urine 
was removed catheterization before and during the experimental period. 
Blood samples were taken from the exposed femoral vein. The total 
amount blood taken during the course the experiment did not exceed 
per cent the normal blood volume the animal. 

0.95 per cent sodium chloride solution was used for injection. The 
freezing point depression this solution was found agree with that 
plasma from dogs under the present experimental régime. The solutions 
were made water redistilled the day before use and were kept sterile. 
amount the solution equal the blood volume the 
animal (8.14 per cent the body weight) was injected, 38°C., under 
pressure the rate 200 300 per injections were into 
the femoral vein. 

six experiments the dogs were not anesthetized. others amytal 
was used anesthetic, and care was taken keep the body temperature 
constant. 

Hemoglobin was determined the method Cohen and Smith (1919). 
Blood and plasma chlorides were determined micro-modification 
the Van Slyke blood chloride method; urea the Van Slyke manometric 
method (1927); gravity the Barbour and Hamilton method 
(1926); cell volume with the Deland hematocrit tube; blood sugar the 
method Folin and (1920); total solids drying weighed blood 
sample constant weight 102°C.; total nitrogen the Kjeldahl 
method; urinary chlorides the Volhard-Arnold method. 

Hemoglobin, cell volume, red cell count, specific gravity, chlorides, total 
nitrogen, and total solids were determined whole blood. Specific 
gravity, chlorides, total nitrogen, and total solids were determined 
plasma. 

Oxalate concentration 0.2 per cent was used prevent clotting, 
and care was taken rule out any variations thisamount. Blood was 
drawn into tight syringe, discharged under oil and stoppered prevent 
any possible effect contact with the air plasma constituents. 

Calculations. Mention has been made the significance the term 
“relative blood volume” determined from hemoglobin. the present 
investigation, however, where constituents other than hemoglobin were 
determined, the calculations are somewhat more elaborate. The following 
equations, therefore, derived algebraically from equations expressing basic 
physiological concepts have been used. 

The assumption made using these forumlae for the calculation the 
relative blood volume that all the dilution takes place the plasma. The 
calculation cell water (table indicates that there slight increase 
the amount water the cells. This persists for only short time, how- 
ever, and cannot have profound effect the present calculations. 
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For the purpose calculating relative blood volumes from specific 
gravity and chloride values whole blood and plasma, the 0.95 per cent 
sodium chloride solution injected was considered contain 950 mgm. 
per 100 cc., and have gravity 1.0070. 


TABLE 


Cell composition 


PER 100 cc. OF CELLS 


INJECTION | Cell water | Chlorides Hemoglobin 


Expt. 21 


per cent per cent | mgm. mgm. per cent per cent 

69.0 374 200 

410 
66.6 379 377 216 
63.7 356 410 214 


Relative blood volume. 
From whole blood constituents. 
Where the solution injected does not contain any the blood con- 
stituents used for hemoglobin. 
concentration normal whole blood. 
concentration the post-injection sample under con- 
sideration. 
initial blood volume. 
increment blood volume. 
V 
Where the solution contains some the blood constituents used for 
calculation. 
Example: whole blood chlorides. 
concentration the constituent the injected fluid. 


relative blood volume. 
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rom plasma constituents. 

Where the solution injected does not contain any the plasma 
constituents used for plasma protein. 

initial blood volume, 

volume corpuscles the initial blood sample, 

concentration initial plasma. 

concentration plasma sample under consideration, 

increment blood volume. 


wer \ 


blood volume. 


Where the solution injected contains some the plasma constituent 


used for calculation. Example, plasma chlorides: C’, nV, 
concentration the constituent the fluid. 
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id volume 


Distribution constituents cells and plasma: 


where Amount constituent 100 ec. whole blood 
Plasma volume, percentage hematocrit 


Amount constituent the cells 100 whole blood. 


where and are above, and 
Amount constituent 100 ee. cells. 


Discussion. Previous investigators the field blood volume regu- 
lation have observed that, following the injection saline solutions, there 
rapid removal the fluid from the blood stream. number have 
observed that the rate return the blood volume normal was re- 
markably constant, about thirty minutes usually being the time required 
(Bogert al., 1916; Smith and Mendel, 1920). large percentage the 
fluid had left the blood stream even the end the injection period, 
time when the kidney output could not have accounted for more than 
very small portion the fluid injected. 

The initial rapid regulatory rate has been confirmed the present in- 
vestigation. Although volume saline equal the blood 
volume the animal was injected less than five minutes, large amount 
had left the blood stream before the first sample could taken 
minute after injection). Table contains the data from three representa- 
tive experiments which the rapid initial regulation clearly demon- 
strated. will observed, however, that the end thirty minutes 
blood dilution still obvious. This more easily seen from examina- 
tion figure experiments complete regulation was observed 
but three experiments, and then only after experimental period three 
four hours. 

hemoglobin versus plasma constituents indicates 
even more striking difference (fig. experiment hemoglobin 
itself basis for estimating relative blood volume gives value 189 
immediately after injection, compared 153 when plasma constituents are 
used. For experiment the corresponding values are 187 and 157; the 
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end minutes plasma figures indicate relative blood volume 118, 
while hemoglobin gives value 134. 

Figure presents further point interest. Although plasma values 
were invariably lower than those for hemoglobin whole blood the 
beginning the experiment, the difference gradually became less, until 
about 100 minutes the two groups were equal nearly so. Following 
this, the plasma constituents gave higher results, and continued 
until the end the experiment. Thus, the hemoglobin may indicate 
state complete blood volume equilibration, even concentration 
(expt. 20, fig. time when plasma constituents yield evidence 
continued blood dilution. This indication equilibration based hemo- 
never accomplished, however, less than three hours. 


TABLE 
blood volume—Based constituents whole blood versus those plasma 
INJECTION 
| Whole blood | Plasma Whole blood | Plasma Whole blood | Plasma 
Normal 100 100 100 100 100 
163 149 171 157 175 153 
127 120 139 128 146 131 
120 118 128 120 132 119 
116 114 121 113 121 114 
113 112 115 110 114 113 
105 111 111 108 110 111 
135 112 113 106 107 105 110 
165 108 110 101 107 106 109 
235 105 104 104 111 


Figure presents graphically the relation between relative blood volumes 
when hemoglobin and other whole blood constituents are employed for the 
The hemoglobin values indicate greater blood dilution than 
the values from other whole blood constituents, indicating that the 
average the relative blood volumes calculated from whole blood 
gravity, chlorides, cell volume, total solids, and total nitrogen 
intermediate between the plasma figure and that for hemoglobin alone. 

the present investigations, therefore, rapid return the blood vol- 
ume normal uniform time has not been demonstrated. There are 
number factors which may responsible for the differences observed 
between these experiments and those others. 

Effects anesthesia. Clinically, has long been known that ether 
anesthesia causes increase the red count, cell volume, and percentage 
hemoglobin the blood. (1926) the opinion that this 
due, for the most part, the addition stored cells the circulating 
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fluid. There seems true blood concentration, however, the same 
time (Rowntree, 1922). Lamson (1915) came the conclusion that 
there was pre-analgesic struggling, ether did not cause the blood concen- 
tration usually observed. 

The relative anoxemia produced pulmonary anesthetics should have 
blood concentrating effect since anoxemia itself brings about condition 
anhydremia (Bayliss, 1920). 

Bogert, Underhill, and Mendel (1916) and Smith and Mendel (1920) 
their studies blood volume regulation used ether anesthesia the ex- 
perimental animals. Inasmuch ether anesthesia known cause 
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Fig. Fig. 
Fig. Whole blood versus plasma constituents. Composite for six experiments. 
Fig. Hemoglobin versus plasma constituents. 


anhydremia, its use may account part for the rapid and constant blood 
volume equilibration observed them. 

Effects changes body temperature. There another factor con- 
sidered using anesthetized animals. Barbour and Hamilton (1925) 
studying the changes blood concentration relation body tem- 
perature have observed fall body temperature animals cold 
environment. Paralleling the fall body temperature the blood became 
more concentrated. 

the work previous investigators which anesthesia was used the 
animals were covered, but especial effort was made regulate the body 
temperature the experimental animals, and tables for body tempera- 
ture were given. probable that their experiments the body tem- 
peratures their animals fell. this were so, blood concentration 
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would result, causing more rapid removal the injected fluid from the 
blood stream. 

the present experiments, both anesthetised and unanesthetised animals 
were used with amytal the anesthetic. has been shown have 
little effect blood sugar alkali reserve, and only minimal effect 
basal metabolism. marked fall body temperature followed anal- 


TABLE 3 
Relative blood control with attempt made regulate body temperature 
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RELATIVE BLOOD VOLUME BASED ON 


Hemoglobin Specific gravity Chlorides 


minutes 

Normal 100 100 


TABLE 


Relative blood control with controlled body temperature 


RELATIVE BLOOD VOLUME BASED ON 
| Specifie gravity Chlorides 


| Hemoglobin 


minutes 
anesthesia) 
Normal 100 100 
anesthesia) 
100 100 
100 
102 101 
105 100 
115 103 101 
145 100 100 
175 


gesia, unless special effort was exerted keep the body temperature 
constant, external application heat (see Deuel, Chambers, and Mil- 
horat, 1926). 

The data table were obtained experiment body temperature 
and blood concentration. Amytal anesthesia was used and effort other 
than use covering was made sustain the body temperature the 
animal. The blood rapidly became more concentrated. interest 
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note that there was decrease the blood volume approximately 
per cent, amount comparable the dilution observed the present 
injection experiments where every effort was made keep the body tem- 
perature constant probable, therefore, that the rapid return 
the blood volume normal previously observed may attributed 
part the concentrating effect fall body temperature. The rela- 
tive blood volume values table were from the results ob- 
tained control experiment where amytal was used, and every effort 
was made keep the body temperature constant. 

Chanutin, Smith, and Mendel (1924) working with unanesthetised 
dogs were not able demonstrate blood volume equilibrations rapid 
consistent those observed Bogert, Underhill, and Mendel (1916), 
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Fig. Fig. 
Fig. Hemoglobin versus other whole blood constituents. Composite for six 
experiments. 
Fig. Aftersplenectomy. Whole blood versus plasma constituents. Composite 
for three experiments. 


and Smith and Mendel ascribe their results the absence 
anesthesia. the present series experiments the results obtained 
the anesthetized animals with controlled body temperature and 
unanesthetized animals were comparable and confirmatory those 
Chanutin, Smith, and Mendel (1924). 

The influence the spleen blood volume and 
1926) and his collaborators and Poole, 1927; Barcroft and 
Stevens, 1927), Scheunert and Krzywanek (1927), Binet and Williamson 
(1926), and others have observed that the spleen plays important part 
blood volume regulation controlling the number circulating ery- 
throcytes. 

The relatively greater concentration hemoglobin than other whole 
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blood plasma constituents the end the experimental periods, ob- 
served this investigation, indicates the presence the blood greater 
number hemoglobin carriers. This point was tested studies splen- 
ectomized dogs will observed that the relative blood volumes 
calculated from whole blood constituents and from plasma constituents 
parallel each other very closely throughout the experimental periods. This 
especially noteworthy immediately following injection when the largest 
differences are noted normal animals. 

The blood water reservoir. examination the tables and figures 
indicates definite dilution the blood long four hours after the 
injection. Values based hemoglobin not always indicate this. 
general, whole blood constituents yield values indicating greater dilution 
than does hemoglobin and constituents the plasma show dilution 
excess that indicated whole blood figures. has been mentioned, 
these relationships hold the end the experiments. Thus the blood 
seen function reservoir for water. The magnitude dilution 
variable and depends kidney action and chloride excretion. These 
factors will discussed following paper. 


SUMMARY 


has been found that precautions are taken rule out changes due 
anesthesia and body temperature, the blood volume will remain greater 
than normal for periods least four hours following fluid injection. 
Hemoglobin indicates more complete return normal concentration 
than other whole blood constituents plasma constituents. This may 
due physiological compensatory action the spleen resulting 
increase the total circulating hemoglobn present the blood. Hemo- 
globin itself, however, indicates significant blood dilution the end 
the four-hour experimental period. Possible explanations for the dis- 
crepancies between these experiments and those reported others have 
been discussed. 

The course events following the injection large amounts fluid may 
outlined follows: Immediately after injection effort made 
regulate blood pressure opening greater capillary bed. greater 
filtration area thereby made available. Water and dissolved salts pass 
rapidly into the interstitial spaces until point reached where blood 
pressure and blood dilution have been reduced physiologically satis- 
factory level. this time the kidneys have responded the diuretic 
stimulus. The current now reversed and relatively slower rate than 
that passage into the interstitial spaces, the fluid returns the blood, 
through the capillaries and via the lymph, excreted the kidneys. 
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STUDIES THE PHYSIOLOGY VITAMINS 


XXII. Errect HYPERTHYROIDISM 
THE VITAMIN REQUIREMENT PIGEONS 


From the Department Physiological Chemistry, Yale University, New Haven, 
Connecticut 


Received for publication March 1933 


One the hypotheses concerning the factors that determine the vitamin 
requirement living organisms states that the amount this dietary 
essential required the individual determined chiefly the caloric 
intake (Plimmer, Rosedale and Raymond, 1927; Cowgill and Klotz; Cow- 
gill, Deuel, Smith, Klotz and Beard, Goldfarb and Cow- 
gill (1932) found that administrations vitamin 
dogs during experimentally induced hyperthyroidism and exhibiting 
anorexia were followed restoration the urge eat, and that adminis- 
tration thyroid dogs subsisting vitamin B-deficient 
diet shortened the interval required for the development anorexia. 
These studies were interpreted supporting the hypothesis stated above. 
Inasmuch pigeons are widely used for vitamin studies, was deemed 
interest determine whether the vitamin requirement this species 
increased result thyroid administration. 

PART. Plan. The plan the experiment consisted 
first all determining the least amount vitamin required 
maintain the individual bird’s body weight constant level 
possible over period days under normal conditions; then, the main- 
tenance dose the same vitamin preparation was determined after the 
same group pigeons had received daily administrations minimal 
amounts desiccated thyroid sufficient produce moderate degree 
hyperthyroidism. 

Experimental details. order control against the effect the 
previous nutritive history the development anorexia, due doubt- 
less variable tissue stores the vitamin, all birds the beginning 
the experiment were given several large daily doses concentrate 


This paper report some the data contained the thesis submitted 
Palmieri the faculty the Yale University School Medicine, April, 1932, 
partial fulfillment the requirements for the degree Doctor Medicine. 
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and all gained weight except those pigeons 
which had been housed pairs. Upon segregation these birds 
individual cages, however, immediate gain body weight 
Ten days later the daily administration antineuritic vitamin was dis- 
continued, and after six days, was supplied small carefully weighed 
doses order determine the minimum amount that would maintain 
the bird’s body weight fairly constant level over period from 
least six many fourteen days. After this minimum dose had been 
determined for each pigeon, powdered mixture desiccated thyroid 
was administered daily the birds. When the present study was 
initiated, the literature showed only few data bearing the effect dif- 
ferent doses desiccated thyroid pigeons. was necessary, therefore, 
conduct preliminary experiments determine the doses suited for the 
present investigation. massive dose one gram this substance was 
first given each pigeon daily for five days. proved extremely 
toxic and three the pigeons The thyroid administration 
was then stopped and large doses the antineuritic vitamin were given 
daily all the pigeons. The recovery period, during which the birds 
received large doses vitamin daily, interval twenty-nine 
days, the end which period all the birds that survived were given 200 
mgm. thyroid with 500 mgm. vitamin concentrate 
days later, the thyroid dosage was further reduced 100 mgm., and this 
amount was given daily all the birds until the end the experiment. 

Meanwhile the dosage the vitamin concentrate was changed fre- 
quently, the indications for arose, until suitable maintenance dose 
this dietary essential was determined for each bird during the regime 
hyperthyroidism. 

The diet used was that Block, Cowgill and Klotz (1932) for 
vitamin assay the pigeon. 

The administration one gram thyroid powder 
daily each the pigeons resulted immediate and marked loss 
weight. the fifth day the thyroid administration the amount 
vitamin was increased from the maintenance dose previously determined 
600 mgm. for one day. the next day there was noted increase 
the weight all the pigeons that had survived except the case two 
birds (II and where the weight curves were characterized more 
horizontal trend compared with the previous marked decline. the 
following day, spite the increase the amount vitamin adminis- 
tered and reduction the thyroid dose 0.5 gram, the weight loss 
tinued. Upon cessation the thyroid administration and increase 


Lot 1089 Yeast Vitamin Powder (Harris) obtained from the Harris Labora- 
tories, Tuckahoe, New York. 
Armour’s desiccated thyroid, P.; 0.2 per cent iodine, was used. 
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vitamin dosage, the anorexia was corrected and the body weight was 
restored. Four the twelve birds were overcome the effects the 
thyroid administration that recovery was impossible and they succumbed 
(VII, A). During this period “acute 
the birds showed increased irritability and restlessness, definite tremor 
the extremities and body, increase the body surface temperature 
determined touch, almost complete anorexia, and semi-solid stools 
cream color. About six days after the beginning thyroid administra- 
tion, most the birds began shed their feathers; new growth 
feathers, lighter color and silky appearance, was acquired very 
short time. The cessation thyroid feeding coincident with the adminis- 
tration large amounts antineuritic vitamin was marked voracious 
appetite and almost unquenchable thirst. 

the fifty-second day the experiment the antineuritic vitamin was 
omitted from the diet for one day, and there was noted marked loss 
body weight every case. This was taken indicate that the cumula- 
tive effect the thyroid had not yet disappeared, eleven days after the 
cessation thyroid administration. The recovery period actually lasted 
twenty-nine days, after which the birds were given doses 200 mgm. 
desiccated thyroid and 500 mgm. the vitamin concentrate daily. 
This dose thyroid was thought too great because the continued 
loss body weight; after period six days, therefore, was reduced 
100 mgm. amount was used the basal dose thyroid for the 
remainder the experiment, whereas the dosage vitamin 
trate was varied until maintenance dose under these experimental con- 
ditions was determined. The data yielded these experiments are shown 
table 

The data presented the table show that daily administration pigeons 
desiccated thyroid, sufficient produce state hyperthyroidism, 
causes increase the amount vitamin required maintain the 
normal urge eat. This finding harmony with the view set forth 
Plimmer Rosedale and Raymond (1927) that the amount vitamin 
required the organism determined chiefly its caloric requirement. 
may also interpreted supporting the views Cowgill and Klotz 
(1927), and Himwich, Goldfarb and (1932) who obtained evi- 
dence showing relation between the vitamin requirement and the 
total metabolism the organism. the work Cowgill, Rosenberg 
and Rogoff (1931) similar parallelism increased vitamin require- 
ment and increased metabolism brought about exercise reported. 

One the chief features illustrated these results the failure the 
birds show the same degree increase vitamin requirement hy- 
perthyroidism over that for the normal state. For example, bird re- 
quired 100 mgm. vitamin concentrate maintain its body weight 
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273 grams under normal conditions, whereas 500 mgm. were required 
maintain this pigeon’s weight 335 grams when was receiving desiccated 
thyroid. This should compared with the data for bird which show 
that maintenance weight 340 grams under normal conditions was 
associated with vitamin dosage equal that bird VI, and this vitamin 
requirement was raised only 200 mgm. feeding thyroid. Inasmuch 
determinations basal metabolic rate were made these experi- 
ments, impossible say that these differences are attributed 
simply variations the effects the ingested thyroid. Variations 
function, particularly relation utilization ingested 
vitamin may also account part for the observed differences. Minot 


TABLE 


The vitamin requirement pigeons under conditions and during 
mentally-induced hyperthyroidism 


“NORMAL” CONDITIONS | HYPERTHYROIDISM 
grams mgm. mgm. grams 
302 100 274 
297 100 273 
286 Died 
275 150 256 
314 300 240 
343 100 150 290 
340 100 200 338 
373 100 500 335 
VIII 347 100 Died 


(1929) has cited this possible cause the variations exhibited 
clinical cases. These possibilities might tested further experiments 
which both thyroxin, the active principle thyroid tissue, and special 
more highly purified concentrates vitamin are administered paren- 
terally. 


SUMMARY-CONCLUSION 


group twelve pigeons subsisting diet adequate except with 
respect the vitamin complex, the minimal amounts yeast vitamin 
concentrate required daily for maintenance practically constant 
body weight were determined. Hyperthyroidism was then induced ex- 
perimentally each the birds the daily administration 100 mgm. 


$ 
q 
q 
q i 
: 
st 
| 
4 
7 
7 


150 GEORGE COWGILL AND PALMIERI 


thyroid tissue and the amount vitamin concentrate 
required for body weight maintenance was again determined. every 
case the vitamin requirement proved greater hyperthyroidism than 
under conditions. 

concluded that the pigeon, the dog, there some relation 
between the amount vitamin required for maintenance body weight 
and the metabolism the organism. 
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THE FUNDAMENTAL CHEMICAL CHANGES 
CONTRACTING MAMMALIAN MUSCLE 
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The knowledge concerning the chemical changes 
the contraction muscle can said have begun with the work 
Fletcher and Hopkins (7) 1907, the acid changes amphibian 
Following this came the investigations Hill (13) 
and his and the chemical investigations from (20) 
laboratory. Together these led the hypothesis that the primary change 
muscular contraction the anaerobic breakdown glycogen 
acid, followed oridative during which the major part the 
acid resynthesized glycogen the energy derived from the oxi- 
dation the smaller part dioxide and water. The discovery 
phosphocreatine Fiske and Subbarow (9) was followed their 
hypothesis (10) that the base liberated the hydrolysis this substance 
buffers the muscle against the acid formed during contraction. 

Thus matters stood until 1930, when Lundsgaard (17) found that 
muscles poisoned with acid could perform certain amount 
work without the formation any acid, and that the 
tine these muscles was completely broken down during 
discovery obviously invalidated the hypothesis that the formation lactic 
acid was the sine qua non muscular activity and put the emphasis 
the breakdown phosphocreatine the energy-yielding reaction. 
gaard (18) proposed and Meyerhof (21) and Hill (14) this hy- 
pothesis: the primary chemical change muscle contraction the (hydro- 
lytic) breakdown phosphocreatine; the recovery process, which may 
oxidative anaerobic, the resynthesis this phosphocreatine; the 
energy for the anaerobic resynthesis furnished the formation lactic 
acid from glycogen. 

Mention must made here the rather anomalous position the 
“lactacidogen” concept Embden. early 1914 (4) had found 
hexosephosphorie acid tissue extracts and had postulated that this sub- 
stance the intermediate the transformation glycogen lactie acid. 
The compound which first isolated (5) from muscle was the 
151 
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acid formed fermentation. Later was shown 
that this compound not normally present muscle but produced 
the action the fluoride which was used increase the yield hexose- 
phosphate. Embden (6) then succeeded isolating hexosemonophos- 
acid, which transferred the name and function: 
(20) does not regard the Embden ester the true 
intermediate, partly because the one all the known 
acids which least readily broken down enzymes. 
which itself the true intermediate. This labile ester capable only 


acid the Embden ester. 

The major part the experimental work upon which these hypotheses 
are based was done the muscles the frog. This applies particularly 
the work Hill, Meyerhof, and Lundsgaard. There has been some 
work the chemical changes the contraction mammalian muscle, 
but for the most part the observations have been qualitative nature. 
The present work was undertaken study systematically the changes 
that occur when the muscles mammalian species—the rabbit—are 
caused contract. The results obtained cannot interpreted satis- 
factorily the basis the Lundsgaard-Hill-Meyerhof hypothesis. 

Before passing the experimental part, necessary discuss the 
precautions necessary preparing mammalian muscle for analysis. 
quite generally known that marked changes take place very shortly after 
the removal muscle from the body living animal. This was recog- 
nized early Davenport and Davenport (2), who devised the technique 
freezing the muscle situ the anesthetized animal with mixture 
solid carbon doxide and volatile liquid, such chloride ether. 
this technique they obtained lactic acid values for resting mammalian 
muscles averaging about mgm. per cent. 

Many investigators consider these extreme precautions unnecessary and 
excise the muscle from the anesthetized animal, weigh rapidly pos- 
sible cold room, and then transfer ice-cold trichloroacetic acid solu- 
tion other suitable reagent. This method simpler than freezing the 
muscle situ, but the possibility must considered that appreciable 
changes may take place even the short time required for these manipula- 
tions. few experiments were therefore carried out which one gastroc- 
nemius rabbit was frozen situ and the other one dropped into 
large amount freezing mixture seconds after excision. Cori and Cori 
(1) found that this was the average time required for weighing and trans- 
ferring the muscles after excision. The differences between the two mus- 
cles were too great ignored: the lactic acid content the excised 
muscle more than doubled, and the phosphate increased about 
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per cent (see table). Hence all subsequent experiments the muscles 
were frozen situ. 

EXPERIMENTAL. The rabbits were given sedative dose pento- 
barbital-sodium, mgm. per kgm., intravenously. This did not itself 
produce complete anesthesia, but slightly larger doses produced such 
marked slowing respiration and cyanosis that the smaller amount was 
preferable. complete the anesthesia, small amount ether was 
used. With this combination there was struggling; the respiration, 
depressed the barbital derivative, was stimulated the ether, that 
there was little cyanosis. The values for acid the resting 
muscles were higher than those obtained earlier work (23) under 
amytal anesthesia. 

Both muscles the rabbit were freed careful dis- 
section, leaving the innervation and blood supply intact. One muscle 

yas then frozen situ the resting state; the other was stimulated through 
the sciatic nerve, which was not cut, using the tetanizing current from 
ordinary Harvard inductorium, with the secondary coil set give stimu- 
lus that was maximal. After suitable period stimulation this muscle 
was also frozen situ; the stimulation was continued for the few seconds 
required for freezing. 

The frozen muscles were removed and ground powder chilled 
mortar with sufficient solid carbon dioxide insure against thawing. 
After transfer tared, precooled weighing bottles, the muscle powder was 
rapidly weighed and the proteins precipitated with ice-cold per 
cent solution acid per grain muscle. The material was 
kept ice-cold during the minutes allowed for extraction. The weighing 
bottle was shaken constantly during this ime, after which the solution 
was filtered through precooled funnel into precooled flask. Suitable 
quantities filtrate were immediately pipetted into graduated centrifuge 
tubes, one which contained large excess magnesia mixture for the 
precipitation inorganic phosphate. 

and phosphocreatine-P were determined essentially the 
methods used previously (23). The only modification was that the mag- 
nesia mixture precipitates were allowed stand overnight before centri- 
fugalization, instead being rubbed down with glass rod and centri- 
fugalized three hours later. Adenosine triphosphate-P was determined 
hydrolysis with acid for minutes boiling water bath. 
Fiske (11) has shown that under these conditions two the three phosphate 
groups are removed. acid-soluble was determined after wet ash- 
ing portion the filtrate with sulfuric and acids. The colori- 
metric method Fiske and Subbarow (8) was used for all phosphorus 
determinations. acid was determined the method Friede- 
mann, Cotonio, and Shaffer (12). 
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the table below the results are given terms milli- 
grams per cent, and acid. The values given are: inorganic 
room temperature hydrolysis; the 7-minute hydrolysis value, 
total acid-soluble Thus (b-a) measures the content 
and (c-b), multiplied the adenosine triphosphate-P. The difference 
between the values the resting and stimulated muscles taken the 
measure the change hexosephosphate-P. has been definitely estab- 
lished that this the fraction which increases stimulation (1), (3), (15). 

most cases which the stimulation period was brief, the difference 
total acid-soluble the two muscles within the limits error the 
methods used. However, when the stimulation period lasts two minutes 
longer, find marked difference the values for total acid-soluble 
This represents the absorption water from the blood stream. cor- 
rect for this, the other values obtained the stimulated muscle have been 
multiplied the ratio total acid-soluble for the two muscles. The 
values actually obtained are given the table, below the 
culated ones. 

the graphs, the actual lactic acid values have been expressed the 
phosphorus equivalents, for ease interpretation. 

study the tables and the graphs reveals several points: 

The resting muscles show rather narrow range values for inor- 
per cent are the range from mgm. per cent. 

the shortest period tetanization, seconds, there marked 
increase the acid and hexosephosphate contents with change 
inorganic i.e., hydrolysis phosphocreatine. 

The rate formation acid greatest the first seconds 
tetanus, after which decreases progressively with the duration 
tetanus. 

The rate hexosephosphate formation closely parallel the rate 
acid formation, being greatest the first seconds tetanus and 
then decreasing progressively. 

When the tetanus prolonged sufficiently there actual decrease 
the acid and hexosephosphate contents, below that found after 
shorter periods tetanus. 

The phosphate content increases long the acid 
content increasing; when lactic acid decreases amount, also does 
phosphate. 

The resynthesis phosphocreatine the later stages tetanus 
accomplished from both the phosphate and the hexosephosphate 
which the compound was converted earlier the tetanus. 

There little change the adenosine triphosphate content, except 
prolonged tetanus. 

The changes that follow immediately upon excision resemble those 
during brief tetanus. 
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Phosphorus fractions and lactic acid muscles 


TABLE 1 


of rabbits 


Values expressed milligrams per cent and lactic acid 


RESTING MUSCLE 


Phosphorus 


° 


minute hydrolysis 


136 
133 
125 


131 


130 
138 
132 
124 


105 
121 
121 
132 


121 
135 
126 


Total acid-soluble 


159 
173 
155 
170 


167 
176 
166 
161 


138 
148 
164 
167 


170 
193 
179 


153 


168 


174 
179 


~ 


ot 
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Inorganic 


26 


35 


STIMULATED MUSCLE 


Phosphorus 


Room temperature 
hydrolysis 


a 


= Lact 
acid 
> z 
= 


Stimulation 5 seconds 


171 
111 155 
171 


Stimulation 15 seconds 


162 106 


123 
164 
175 


Stimulation 30 seconds 


141 136 
94 165 166 
149 

Av. 


Stimulation 60 seconds 


167 

Av. 


Stimulation 120 seconds 


63 


100 205 
239 

103 178 171 


DIFFERENCE 


Adenosine tr iphosphate Pp 


Hexosephosphate P 


+14 
+19 


Lactic acid 


+128 


t a b d b c d 
Lactic 
acid 
Av. 5 +38 
Av. +76 
+21 419 
Av. 
155 


TABLE 1—Concluded 


MUSCLE 


STIMULATED MUSCLE 


DIFFERENCE 


Phosphorus Phosphorus 


a 


hydrolysis 
hydrolysis 


7 minute hydrolysis | ° 
Room temperature 

7 minute hydrolysis 
Total acid-soluble 


Inorganic 


| Room temperature 
Inorganic 


Total acid-soluble 


| 
| 
| 
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Stimulation 300 seconds 


Hexosephosphate 


Inorganic P 


| Adenosene triphosphate P 


acid 


40 


109 
115 

101 
150 
142 
124 
118 


160 


168 
161 


Frozen 30 seconds after ex 


152 
131 


cision 


Phosphate Phosphorus 
Phosphorus 


MILLIGRAMS PERCENT 


Time in SECONDS 

Fig. 
Figs. and 
duration tetanus. 
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Acid 
Phosphate Phosphorus 


Phosphorus 


Time in Minutes 
Fig. 


Rates increase lactic acid, hexosephosphate and inorganic phosphate with 
Values expressed milligrams per cent lactic acid P-equivalent 


| | | j | | | | 

| | | | 
| | | q 
|_| 

40 { 


‘ith 


CHEMICAL CHANGES CONTRACTING MAMMALIAN MUSCLE 157 


Discussion. For the sake clarity the points noted above will 
discussed separately, the same order. 

The range inorganic values the resting muscles found 
from mgm. per cent. This was reported 1928 Sacks and 
Davenport (23), the basis determinations which magnesia mixture 
was used precipitate the phosphate. Similar values, all narrow 
range near mgm. per cent were found other laboratory mammals: 
dog, rat, and guinea pig. Fiske and Subbarow (10) claimed that 
magnesia mixture did not give complete precipitation, and suggested the 
use chloride solution saturated with hydroxide. 
test the validity this criticism some experiments were made which 
the muscle filtrate was subjected analysis both methods. resting 
muscles, the values given precipitation with were from 
per cent higher than those obtained the magnesia mixture precipi- 
tates. However, when known amounts phosphate, the same order 
those encountered the experiments, were treated the same way, the 
recovery with either reagent was never less than percent. explana- 
tion the was found that under the conditions laid down 
Fiske appreciable amount phosphocreatine precipitated along 
with the inorganic phosphate. diluting the neutralized filtrate 
sufficiently before adding the chloride solution, taking care 
keep the concentration calcium well above the minimum necessary 
insure complete recovery known amounts phosphate, the values 
given the two precipitants did not differ materially. 

the basis the currently accepted hypothesis, the first change 
observed upon stimulation muscle should the breakdown 
phosphocreatine, and appreciable amount lactic acid should appear 
until later. also stated that the early stages contraction the 
resynthesis phosphocreatine does not keep pace with the breakdown. 
Later on, the recovery changes proceed more rapidly and the phospho- 
creatine broken down resynthesized more completely. 

this basis should expect that immediately after brief tetanus 
there would little phosphocreatine present and little acid formed. 
the duration tetanus increased, the amount phosphocreatine 
present should increase, least show further decrease; the lactic 
acid content, the other hand, should increase might 
even expected that the relative increase lactic acid would greater 
the later stages than the earlier, the resynthesis phosphocreatine 
becomes more complete. 

The results obtained here show exactly the reverse: second tetanus 
there detectable hydrolysis phosphocreatine (we are not concerned 
here with the phosphocreatine which converted hexosephosphate), 
but rather large amount acid has been the 
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prolonged seconds, there appreciable hydrolysis phospho- 
creatine, though larger amount lactic acid has been formed. One 
would expect that the prolongation the tetanus would permit the 
(anaerobic) resynthesis phosphocreatine overtake the breakdown, 
especially since the rate breakdown decreases with prolongation the 
tetanus. This last was shown Nachmansohn (22) labo- 
ratory. Actually find that the tetanus prolonged further, phos- 
phocreatine hydrolysis and acid formation continue, albeit more 
slowly; only when acid has become decreased amount find 
any resynthesis phosphocreatine. The observed changes are just oppo- 
site those postulated the Lundsgaard-Hill-Meyerhof hypothesis. 

However, analyze the data the basis Fiske’s theory, i.e., that 
the hydrolysis phosphocreatine buffers the muscle against the lactic 
acid formed during contraction, find such contradictions. True, the 
amount phosphocreatine hydrolysis inadequate buffer the muscle 
against all the lactic acid formed, but there are other important buffer 
mechanisms available. Hill and Meyerhof have both emphasized the 
neutralization alkali-protein lactie acid for this purpose. would 
appear that the hydrolysis phosphocreatine not the first line defense 
against increased acidity, for the lactic acid may increased three times 
the resting value before any such hydrolysis evident. The data pre- 
sented here can therefore considered support interpretation. 

The rate acid formation greatest during the first seconds 
tetanus, after which decreases progressively. This finding probably 
explained the basis increased blood flow and oxygen utilization 
the stimulated The circulatory adjustments cannot ex- 
pected instantaneous, but after tetanus seconds’ duration the 
stimulated muscle much more vascular than the resting 
tin, Field, and Hall (19) have found both increased blood flow and in- 
creased difference oxygen content arterial and venous blood flowing 
through stimulated the gracilis muscle the dog they found 
increase 140 per cent the blood flow during stimulation period 
1.3 minutes. 

The rate hexosephosphate formation closely parallel the rate 
then decreases progressively. The finding that hexosephosphate increases 
stimulation means new. was observed Davenport and 
Sacks (3) 1929, the rabbit, Lohmann (15) 1930 the frog, and 
Cori and Cori (1) 1933 the rat. But the observation that the 
change this substance proceeds pari passu with the change lactic 
acid, believed new. 

Does this fit with either the Embden the Meyerhof 
cording the former, one might expect that the amount intermediate 
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present should decrease breaks down form the final 
being formed needed, then the amount present should rather 
constant. 

view would seem require that the amount hexosephos- 
phate increase more rapidly during the later stages tetanus than 
the early stages; for, less acid being formed, larger percentage 
the labile intermediate should converted hexosephosphate. 
data not support either theory. 

acid and hexosephosphate content below that found shorter periods 
tetanus. amount substance which disappears too great for 
all have been oxidized, and improbable that any large per- 
centage escaped into the blood stream. Martin, Field and Hall (19) 
have shown that the dog, the quantity acid disposed this 
way israther small. Their average figures are: 2.4 mgm. acid liber- 
ated into the blood stream and 100 mgm. formed and remaining the 
muscle, work period 1.3 minutes. For the muscle oxidize all the 
lactic acid that disappears would require blood flow considerably greater 
than the average value found the investigation referred to, which was 
21.5 per 100 grams per minute. also obvious that the carbo- 
hydrate portion the hexosephosphate which disappears cannot have 
been converted acid oxidized. Hence must conclude that 
both the acid and hexosphosphate converted glucose 
glycogen, with the latter the more likely. 

The inorganic phosphate increases amount long acid 
being formed; when acid disappears, phosphate resyn- 
thesized phosphocreatine. This just what would expected the 
basis Fiske’s theory. the necessity for buffering the muscle decreases, 
the buffer substance reconverted the form which will again 
available. 

The resynthesis phosphocreatine accomplished from both the 
hexosephosphate and phosphate formed the early stages 
tetanus, thus tending restore the muscle the status quo ante. The 
reactions which phosphocreatine undergoes during contraction are both 
readily reversible; they proceed either direction according the neces- 
sities the situation. 

The adenosine triphosphate undergoes little change unless the 
tetanus rather prolonged. After minutes’ continuous tetanization less 
the the substance may be, not evident from these appar- 
ently does not play any direct the chemical changes involved the 
performance muscular work. Lohmann (16) has found im- 
portant part the co-ferment system the acid forming enzymes. 
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The changes that brief period seconds after the 
excision the muscle, resemble those produced brief tetanization. 
The one difference that phosphocreatine hydrolysis more likely 
occur the excised muscles than the tetanized ones. not known 
whether these changes occur rapidly after excision the muscles 
other species they the rabbit. From the available data, princi- 
pally that Cori and Cori (1), would seem that such extreme precau- 
tions are not necessary with rat muscles. For other species, however, 
would seem best freeze the muscles situ unless can shown beyond 
reasonable doubt that such precautions are not necessary. 

far greater significance than the technical point the method pre- 
paring sample for analysis, the possible theoretical interpretation 
placed these changes. The primary change that has been effected 
when the muscle removed from the body the capacity receive 
oxygen from the blood stream and give carbon dioxide it. Are the 
changes lactic acid, hexosephosphate and inorganic phosphate 
looked upon asphyxial origin and character? The assumption that 
they are asphyxial helps give integrated view the cycle chemical 
changes involved muscular contraction. 


THEORETICAL SUMMARY 


The argument and data that have been presented here lead almost 
inevitably certain theoretical considerations and conclusions. Some 
them are not new; two have been proposed before and have found con- 
siderable support. felt, however, that the integration into single 
structure does represent new concept. The theory the essential 
chemical changes involved the contraction muscle the following: 

The fundamental process which chemical energy converted into 
muscular work not anaerobic one. 

The substance oxidized derived from glycogen; presumably lactic 
acid, which formed the small amount necessary maintain rela- 
tively constant supply. 

During the initial stages extreme exertion, before the circulation 
has had time adjust itself, certain secondary anaerobic processes are 
employed furnish part the energy for contraction. 

These secondary reactions are: the formation acid from 
glycogen massive quantity, and the formation hexosephosphate 
from glycogen and phosphocreatine. The first these the reaction 
which Hill and Meyerhof formerly considered the primary change. The 
voluntary muscle. 

buffer the muscle against the large amounts acid formed 
this initial period asphyxia, two principal mechanisms are provided: 
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the hydrolysis phosphocreatine and the neutralization alkali-protein 
The first these theory, which accepted without 
the second has been established the work Hill and Meyerhof. 

the circulation adjusts itself the demand and the 
primary oxidative process supplies the necessary energy, any surplus 


potential energy utilized resynthesize the lactic acid and hexosephos- 
phate the from which they were derived. 

Asa corollary proposition, may stated that muscular fatigue 
not the result the accumulation lactie acid the exhaustion 
phosphocreatine. 
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The hopping and placing reactions, first described Rademaker (1931), 
are present many terrestrial vertebrates, though they differ number 
and degree perfection from species recent preliminary 
Bard, Brooks and Lowry (1932) have shown that the 
parts the central nervous system essential for the occurrence these 
reactions may also differ. The placing reactions dogs, cats and rats 
are entirely dependent upon the cerebral cortex and the normal control 
the hopping reactions involves cortical the first paper 
this series (1933), has the hopping and placing reactions 
the cat and the their control the cerebral 
seemed desirable investigate the same problem mammal whose 
neocortex somewhat less developed. 

Four placing reactions which were studied the cat are present 
essentially the same form the albino rat. When the backs the feet 
normal rat are lightly touched the edge any object, they are 
once raised and placed upon it, even though the animal cannot see the 
surface nor touch with his vibrissae. animal held with its chin 
upon table edge, the forefeet are immediately raised and placed beside 
the jaws, and the legs are extended standing. The legs resist being 
into abnormal positions; when passively placed and held such 
false attitudes the animal struggles return his feet their normal 
position beneath the the forelegs hindlegs the legs one 
side pushed over the edge table, they are not permitted hang 
helplessly but are once brought and restored their normal position. 

The cat, however, possesses one placing reaction not present the 
rat. When cat lowered slowly toward table top the forelegs are 
extended toward the surface and the digits and wrists are dorsiflexed 
preparation for properly placing the feet. This response takes place 
before any part the body touches the table and present character- 
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istic form after the labyrinths have been extirpated (Bard and Orias, 1933 
This visual placing reaction absent the albino But precisely the 
same reaction occurs when the vibrissae suspended rat touch sup- 
porting surface. the vibrissae are cut off the rat does not attempt 
place the feet until the nose some other part the body comes 
contact with the this particular respect the normal rat behaves 


exactly like blinded eat. 

The hopping reactions the rat are part less well developed than 
those the cat. When foreleg suspended normal rat placed 
standing position and the trunk displaced forward, backward, laterally, 
the leg hops the direction the hindlegs, however, 
rarely step back when the animal pulled backwards, and they not 
give good responses when the body displaced abduet the legs 


The reaction good the hindlegs. 


The operations were performed aseptically under 
anesthesia. The drug was administered the intra- 
peritoneal route doses about 0.065 per 100 grams body dorsal 
approach the cerebral hemispheres was used, care being taken remove the bone 
only over that portion the cortex which was cortical tissue was 
gently dissected away from the underlying structures means small dull knife 


and small curette. 

When deficiencies resulted they were demonstrable soon the rat came out 
the anesthetic and began move about. After the third day, which time the 
animals had recovered completely from the effects the anesthetic and were free 
from shock, change the degree deficiency the placing and hopping reactions 
regardless the length survival. Except very few instances, which 
will mentioned, the one hundred and forty operated rats considered this report 
were kept for more than month after operation. 


cortex, the ten completely decorticate rats which were studied rarely 
assumed abnormal leg attitudes. them the only motor deficiency appar- 
ent casual observation was fall the floor from elevated 
objects which they were walking. However, analysis their 
ing reactions showed that these items behavior were deficient 
the decorticate cats. When suspended with chin resting table edge, 
the forelegs remained down and the feet were not placed they invariably 
are the case normal the backs the forefeet hindfeet 
were touched the edge any supporting object the feet were not in- 
stantly placed for standing, but remained pressed against the until 
forward displacement the body had produced extreme retroflexion 
shoulder hip. These rats never reached for placed their forefeet 
object when their vibrissae touched any leg slipped over was 
thrust over the edge table which the animal was sitting hung 
helplessly dependent until, some general movement the animal, 
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regained the supporting surface. this lack 
response bilaterally decorticate rats these tests can seen 
figure Also when other peculiar attitudes such passive abduction 
were imposed any leg the animal failed restore the feet correct 
position with normal ease and rapidity. The hopping reactions likewise 
showed deficiencies. The legs did not step backward when the trunk was 
displaced that nor did they show any hopping when displace- 
ment led abduction. But all four legs remained capable nearly 
normal response adduction; the hopping which then occurred was only 
little retarded and slightly awkward, but never 


Fig. shows the brain one the five rats which bilateral removal 
frontal third the cortex produced deficiencies the placing and hopping reactions 
great those found ten completely decorticate rats. The bilateral absence 


Twenty-eight unilaterally decorticate rats showed, the legs contra- 
lateral the lesion, the same deficiencies which were found all four 
legs after complete decortication. The ipsilateral legs remained com- 
pletely normal. Thus, the the cortical control wholly contra- 
lateral. order determine whether the entire cortex only some 
fraction necessary for these reactions other experiments were performed. 

Twelve rats from which the rostral third one cortex had been removed 
were studied. The contralateral legs were deficient the rats lack- 
ing the entire cortex one side. The placing and hopping reactions 
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five rats from which the frontal third both cortices had been removed 
were just deficient the ten wholly decorticate five 
animals the entire cortex was removed from one hemisphere and only the 
rostral one-third from the other. these animals the legs the two 
sides were equally and maximally deficient. 

Ten animals without the caudal half one cortex and five from whose 
brains this part had been ablated both sides were studied. abnor- 
malities any placing hopping reaction were found. Likewise 
postural was demonstrable three rats from which the lateral and 
occipital parts one hemisphere were removed; the legs contralateral 


Fig. The presence normal placing reactions the right legs 
rat after removal all cortex except frontal third the left neopallium 
illustrates the deficiency the left foreleg. 


the operated cortex responded normally did the legs opposite the 
intact was also found that removal two three square 
millimeters cortex from the rostral tip each hemisphere produced not 
the slightest deficiency. 

final proof that the frontal third the cortex and only this portion 
concerned with these reactions five animals were prepared the follow- 
ing manner: after the entire cortex one side had been removed, the 
occipital and lateral portions the other were ablated. The brain from 
one these animals shown figure The remaining parts this 
figure illustrate the presence normal placing reactions the legs the 
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side opposite this fragment and their absence the ipsilateral extremities. 
Rats retaining amounts occipital and lateral cortex three four times 
great mass and area these frontal remnants were maximally defi- 
cient their placing and hopping reactions. 

The cortex the rat devoid the which brains 
greatly aid the delimitation definite areas. Nevertheless, 
effort has been made describe manner possible the 
region involved the management these postural reactions. The 
method employed similar one which has been frequently 
Lashley consists plotting conventionalized diagrams 
the rat’s brain, first, the area common the seventy-five lesions one 
cortex which produced contralateral great those which follow 
complete unilateral decortication, and, the area not impinged upon 
any the thirty-two lesions which produced deficiencies. 
shown figure the two areas found this method agree very 
several cases this area and almost other cortex had been 
addition, three successful attempts were made remove the exact ares 
indicated the statistical study. was found each that such 
ablation was followed permanent maximal deficiencies. 

the course these studies certain extirpations had resulted defi- 
ciencies limited the forelegs hindlegs. referring these the 
diagram was found that they overlapped the postural area. Three 
lesions confined the rostral part the area gave deficiencies only the 
contralateral foreleg while four, more caudally-situated ablations over- 
lapping the posterior portion the postural area, produced defects limited 
the hindlegs. These observations suggested that this portion the 
cortex might divided into separate foreleg and hindleg 
fore, five rats the anterior part the area was removed one side and 
three was ablated every case there resulted maximal 
deficiencies which were confined the contralateral foreleg both 
forelegs, depending whether only one both sides had been operated 
Similarly, the contralateral hindleg was alone affected five animals 
unilateral removal the posterior part the postural area figure 
two rats both hindlegs but neither foreleg showed the deficiencies after 
the caudal portion the area had been extirpated both 
shows the brain one the animals which lesion confined the 
rostral part the postural area produced deficiency confined the con- 
tralateral foreleg; the same figure, shows lesion which produced 
contralateral hindleg deficiency. 

further means investigating the cortical representation the 
hopping and placing reactions all the cortex one side was ablated, except 
the anterior half this postural region, the presumptive foreleg area (fig. 
4C). rats prepared retained normal reactions the forelegs 
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opposite these cortical remnants. attempt was then made remove 
from other animals all cortex one side except the hindleg area. 
the obvious operative difficulties involved only two the five animals 
presented normal hind legs and maximally deficient forelegs contralateral 
the small remnant. The brain one the two animals possessing 


functional isolated hindleg area shown figure 4D. 


Diagram the cerebral cortex the the area common seventy- 


five lesions of one cortex which produced contralateral defects as great as those which 
followed complete unilateral the area not impinged upon any 
one thirty-two lesions which produced deficiencies the placing and hopping 
reactions. the hindleg area. 


Fig. shows the position the lesion which five rats produced maximal 
deficiencies which were limited the contralateral the brain from one 
the five rats which more caudally situated lesion was followed deficiencies 
the contralateral hindleg. shows isolated foreleg area which preserved the 
normal reactions the foreleg contralateral though the hindleg 
was deficient. shows isolated cortical area which enabled the hindleg 
lateral respond normally did the hindleg contralateral the intact 
hemisphere. 
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order produce detectable deficiency lesion this frontally 
situated region must about two millimeters diameter. Generally 
speaking lesion large enough produce maximal defect one leg, 
one great after complete decortication, renders the other leg 
the same side least slightly abnormal. therefore seems that the fore- 
leg and hindleg areas overlap part. smallness the cortical area 
involved and the inexact methods available for determining any condition 
the placing and hopping reactions intermediate between normal per- 
formance and maximal deficiency not permit more exact analysis 
more definite determination the leg areas than expressed the 
diagram figure 

The uniform degree deficiency invariably resulting from 
ously described cortical removals excludes any possibility that accidental 
injury the subcortical structures played part producing these 
postural deficiencies. However, has already been pointed out, the 
hopping which occurs adduction the forelegs hindlegs only 
slightly modified after complete decortication. matter 
some interest determine what part the brain stem was responsible for 
these reactions. 

ten animals the entire cortex one hemisphere and the entire cortex 
and striatum the other side were removed two-stage operation. 
The legs contralateral the side from which the striatum re- 
moved were more deficient than those opposite the side with intact 
striatum. high unilateral decerebration was successfully performed 
eight these animals all tissue above the superior colliculus was 
removed but the mesencephalon was left intact. They showed only con- 
tralateral deficiencies which were greater than those exhibited uni- 
laterally decorticate rats. test this point more fully the entire cortex 
the remaining hemisphere was removed four them. The defi- 
ciencies then became equal the two two other unilaterally 
decerebrate animals only the rostral third the cortex was extirpated, but 
again bilaterally equal deficiencies resulted. These experiments show con- 
clusively that removal the postural areas for the contralateral legs pro- 
duces great defect does removal all cerebral tissue one side 
down the cranial margin the mesencephalon. Two additional rats, 
after having been hemidecerebrated ablation cortex, striatum and 
diencephalon one side, were again operated and the cortex and caudate 
nucleus the other side removed. One lived for two weeks and the other 
for over month after the second operation. They walked normally and 
the hopping adduction was approximately equal the two sides, and 
certainly more deficient than bilaterally decorticate rats. These 
observations animals that possessed rostrally bilaterally intact 
mesencephalon only the diencephalon and part the striate complex 


pe 
| 
| 
| 
q 
i 
q 
4 


q 
a 


CORTICAL LOCALIZATION 169 


one side suggest that the hopping adduction dependent some 
mechanism lying below the diencephalon. The only other possibility 
that the hopping adduction the legs both sides managed from 
one side the diencephalon. Further experiments will necessary be- 
fore either these alternatives can eliminated. Rats that survived 
transection the spinal cord the sixth cervical segment for two weeks 
never showed the slightest indication any hopping response adduction 
the legs. Nor was found the hind legs after high lumbar transec- 
tion although the animals lived for much longer periods time. 

Discussion. The work rats has given essentially the same results 
those obtained with cats (Bard, 1933). Permanent deficiencies 
great those resulting from complete decortication were produced the 
removal specific cortical area. Ablation any all other parts 
the cortex did not disturb these reactions the least. fact that 
extirpation small area cortex produces clear deficiency the 
hopping and placing reactions, though the mass cortex yet remaining 
many times large, does not prove that the total mass cortex not 
cerned normally the regulation these responses. But when this 
fragment isolated the removal the larger mass cortex without 
rendering these reactions deficient the slightest extent, there can 
longer any doubt that this example function strictly localized 
one region the cortex. 

The fraction neocortex concerned the postural reactions propor- 
tionately larger the rat than the cat, yet the the 
cortex the two species seem occupy homologous parts. Lashley 
(1921) has mapped out the electrically excitable regions the convexity 
the rat’s points which evoked contralateral leg move- 
ments are all situated within the area shown figure the 
points representing foreleg movements lie within the foreleg part the 
postural area, and those representing hindleg movements located 
the caudal part which concerned with the postural reactions the 
hindleg. Also the postural areas overlap areas and Fortuyn 
(1914) which are parts the rat’s cortex that apparently possess cyto- 
architecture resembling that the motor cortex higher 
tuyn’s area the structure which corresponds fairly well with the 
areas higher brains also included (laterally) the postural 
area delimited this investigation. Reference these physiological 
and anatomical studies permits one say that the evidence available 
roughly indicates that, the cat (Bard, 1933), probably the sensori- 
motor cortex which concerned the management the placing and 
hopping reactions. 

The experimental observations themselves throw little direct light 
the intimate constitution the area essential for the postural reactions. 


THE AMERICAN JOURNAL OF PHYSIOLOGY, VOL. 105, No, 1 


7 
| 
d 
3 
: 


170 CHANDLER BROOKS 


the basis the work Fortuyn and Lashley may considered 
almost certain that the leg motor areas are situated within its 
also likely that includes the cortical sensory representation the legs. 
spite careful post-operative examinations has been most difficult 
estimate the that sensory disturbances play the production 
the postural defects. Tactile sensibility most certainly importance 
the elicitation the placing reactions, and the proprioceptive sensory 
mechanism must involved the hopping well some the plac- 
ing reactions. normal rat may react variety ways the same 
tactile proprioceptive stimulus. was practically impossible judge 
sensory deficiencies bilaterally operated animals. However, 
laterally operated specimens which only one side showed defective 
placing and hopping reactions comparison the responses the legs and 
feet the two sides clearly indicated some hypesthesia the posturally 
deficient extremities. general they were less sensitive touch and 
pinching. But rats which only foreleg hindleg was posturally ab- 
normal showed clear hypesthesia. 

early paper Lashley (1921) concluded that the cortical motor areas 
and the caudate nuclei are together concerned with the general regulation 
posture. The suggestion that the motor cortex concerned postural 
functions accord with the specific results this present work. 
the other hand, the evidence shows that the caudate nuclei have 
nothing with the postural reactions under consideration. However, 
since the hopping reactions are not extinguished complete cortical 
removal seems that some subcortical region, possibly the diencephalon 
the mesencephalon, does with the cortex the production 
this series postural reactions. 


SUMMARY 


Chronic experiments rats have shown that two sets postural adjust- 
ments, the placing and hopping reactions Rademaker, have strictly 
localized cortical control. The precise locus the cortical representation 
these reactions the rat was determined the following experimental 
facts: 

Rats without rostral third one cortex permanently exhibited 
the contralateral legs complete failure the placing reactions and pro- 
found depression the hopping reactions. This condition represents 
maximal cortical deficiency, for greater disturbance the reactions 
was found unilaterally decorticate, thalamic decerebrate rats. The 
cortical control entirely contralateral. 

Bilateral removal these areas was followed permanent maximal 
deficiency the reactions all four legs. Animals operated were 
defective respect the placing and hopping reactions decorticate 
preparations. 
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Removal the rostral third one cortex and ablation the entire 
cortex and striatum the other side produced bilaterally equal deficiencies 

The reactions remained normal the contralateral legs after extirpa- 
tion all cortex one side except area. This area was the 
neocortical third whose removal produced maximal contralateral defi- 
ciencies. The result was not modified total ablation the opposite 
cortex. 

Removal the rostral part the essential third resulted 
maximal deficiencies only the contralateral foreleg while the consequence 
ablating its caudal part was similar defect the opposite hindleg. 
Furthermore, when either part was left remnant neocortex the reac- 
tions the corresponding leg remained normal. 

The fact that small remnants cortex are capable manag- 
ing these reactions normal fashion shows conclusively that their cortical 
representation narrowly localized and functionally independent all 
other cortical areas. 

Evidence presented which indicates that, the cat, the essential 
cerebral mechanism subserving these reactions the sensorimotor cortex. 


This problem was suggested Dr. Philip Bard. pleasure 
thank him for his helpful criticism and kind advice. 
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was observed Luckhardt (1) and Dragstedt (2) that thyro- 
parathyroidectomized dogs are more susceptible latent tetany during 
estrus, suggesting relationship between the ovaries and parathyroids. 
The recent isolation theelin and theelol, which are capable producing 
artificial estrus, made possible investigate the effects these com- 
pounds the tetany and the blood calcium parathyroidectomized dogs. 
The literature concerning the effects female sex hormones blood 
cium normal animals conflicting: Mirvish and Bosman (3) and Reiss 
and Marx (4) found decrease after administration crude preparations, 
while Marlow (5) found significant effect with purified sex hormones. 

Normal female dogs were fed for week pre-operative 
diet recommended Dragstedt which consists milk, bread, and 100 
grams lactose daily. During this time few blood calcium and phos- 
phorus determinations were made sure the animals were normal. 
After complete thyroparathyroidectomy the lactose the diet was 
replaced 2.5 grams per kilo calcium lactate which was administered 
three doses. any loss appetite occurred, about gram Armour’s 
desiccated thyroid was added the diet daily. Gradually the daily dose 
calcium lactate was reduced that after days none very little was 
necessary. When calcium therapy was longer required, estimations 
were frequently made the blood calcium and phosphorus until the values 
became somewhat consistent. Theelin and water solution 
were then administered subcutaneously doses 100 300 rat units daily, 
the larger doses being given three injections 8-hour intervals. Blood 
calcium estimations were made the Clark-Collip modification the 
Kramer-Tisdell method while phosphorus estimations were made the 
method Fiske and Subbarow. 

Four parathyroidectomized female dogs were used, all 
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which received theelin while only three received theelol. Two normal 
animals were used, one male and one female, each which received both 


preparations. 


The results all four operated animals with either com- 


pound were similar that they can best studied from complete 
protocol one injection (table 1). 


TABLE 


Showing the effects injected theelol into parathyroidectomized female dog 


REMARKS 


Animal normal. Diet milk, bread and 


Complete thyroparathyroidectomy. Cal- 
cium lactate therapy started. The 
amount calcium lactate was gradually 
reduced over period days, after 

which time was administered only 

when tetany occurred 

Occasional dose calcium until 2/24/32 


Last dose calcium given. ob- 


Injections 200 rat units theelol daily 
Genitalia swollen. Dosage increased 
300 units. Mucus secretion vulva 
First appearance any tetany, very mild 
Slight tetany. Blood genitalia 
Theelol increased 400 units. tetany 


Injection theelol stopped. tetany 


more tetany after 4/20/32 


DATE CALCIUM | PHOSPHORUS 
11/29/31 5.6 
lactose 
12/ 
| 
9/32 8.6 
2/13/32 
2/17/32 
2/24/32 
served more 
3/10/32 8.7 6.9 
3/16/32 
3/30/32 
4/10/32 
9.9 Mild tetany 
5/32 
6/32 5.8 
5/12/32 6.2 
5/19/32 7.0 
1/32 


Artificial estrus. 


Several points from the above table will discussed 


separately and any variation shown other dogs taken 
cluded the last column are the signs indicative estrus. few days 
after the beginning injection the external genitalia became swollen, and, 
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few days later, mucus and blood appeared. This was constant finding 
all dogs with the injection either theelin theelol. cannot 
positively stated that these dogs were complete estrus since only one 
was permitted copulate although all them showed some interest 
male dogs. The bitch allowed copulate received the male the last day 
injection and almost every day for the next days. Others have observed 
that copulation might occur long two weeks after cessation injection 
female hormone (6) but the prolonged mating period noted here must 
have been due part natural heat since the bitch became pregnant. 

Latent tetany. above experiment only mild tetany was observed 
which never required calcium therapy. only one the four dogs was 
ever needed and this animal’s blood was unusually low. 
During the injection theelin the blood calcium was found near 
mgm. and single dose ec. gluconate was required. 
During the injection theelol the same animal several injections were 
required and the blood was found much lower. The other 
three animals showed only transitory tetany, any, during the artificial 
estrus. The bitch which became pregnant did not show any evidence 
tetany during the heat period for month after the last copulation. 
She died apparently from meal meat which was given her raistake 
and autopsy revealed six well-formed fetuses. our seven observations 
artificial estrus the severe tetany which Luckhardt and Dragstedt 
from natural heat was not observed. 

Blood and phosphorus. After the thyroparathyroidectomized 
dogs longer required therapy, their blood remained 
somewhat constant. table from February 13th until April 2nd, seven 
estimations varied from 7.4 8.8 mgm. per 100 ec. The injection 
either theelin theelol caused definite lowering, the effect being more 
marked with theelol. the above experiment the blood calcium fell 
4.8 mgm. which considerably below any value found before after the 
injection. Table summarizes the data for all dogs. 

Table shows definite lowering blood the parathyroid- 
deficient dogs except dog when theelin was administered. This animal’s 
blood was almost normal and one might suspect the presence 
remnant parathyroid tissue but therapy was necessary for over 
days after the operation. lower levels were obtained with theelol 
each case, and since dog showed effect with theelin but marked 
drop with theelol, seems apparent that theelol depresses the blood cal- 
cium more than theelin parathyroidectomized dogs. The last two 
animals table were normal dogs and showed effect from the injec- 
tion either compound. 

The blood phosphorus did not show changes striking the 
three the dogs the values were higher after the parathyroids were 
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removed, while dog whose blood was almost normal showed 
change. Only one dog (no. showed any definite the 
injection periods, this animal showing rise phosphorus during theelol 
injections when the calcium was very low. 

Discussion. The results animals table confirm the observa- 
tions Marlow that drop blood occurs normal animals 
after administering purified hormones. However, when either theelin 
occurs which persists during the injection period and for two 
four weeks after the injections are stopped. The control periods prior 
injection were from days and frequent estimations showed 
some spontaneous fluctuations. Soon after the beginning injections the 
serum fell below the control range and, although fluctuations 
occurred, the highest values were below the lowest control values. The 


TABLE 
Showing the effect theelin and theelol the blood parathyroidectomized 
and 2 normal dogs 


CONTROL RANGE 


DOG TOTAL CALCIUM } — a — LOWEST LOWEST 

ESTIMATIONS | THEELIN THEELOL 
Low High 

7.4 8.7 5.6 

8.2 10.5 6.7 

Normal male 9.3 10.1 9.2 9.2 


Normal female 9.5 


gradual return the serum calcium its previous level after stopping the 
injections also indicative that the decrease was due the administered 

explanation can given for the absence severe tetany during the 
artificial estrus. possible that these animals were not complete 
estrus that natural heat other physiological processes are involved 
which give rise the tetany which Luckhardt and Dragstedt observed. 
The results all the animals used here show 
that the low serum calcium may lowered further without precipitating 
severe tetany. 

SUMMARY 


Four parathyroidectomized female dogs and two normal dogs were 
injected with theelin and theelol. 

Mucus and blood appeared the external genitalia indicating that 
the animals were artificial estrus. 
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Severe tetany requiring calcium medication was observed only one 


the four parathyroidectomized dogs. 
parathyroidectomized dogs the blood calcium was lowered with 


each compound but more markedly with theelol. 
The blood calcium one normal male and one normal female dog 


was unaffected either theelin theelol. 


The authors are deeply indebted Dr. Carlson and Dr. 
for their interest and advice throughout the work. 
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has been shown the published reports Forsgren, well us, 
that during the course the day the liver undergoes cyclic changes its 
total weight, well some its better known and more easily ana- 
lyzed constituents. The results these observations indicate clearly 
that the changes constitute regular physiologic phenomenon which must 
taken into account all studies that deal with quantitative changes 
substance. The processes that lie back this cycle 
have not been elucidated, but are now engaged series investiga- 
tions which shall study systematically the relation the cycle 
number physiologic factors. this paper shall deal with food 
factor. 

the studies Forsgren, Agren, Wilander and Jorpes, Holmquist, 
and others, the view was advanced that these cyclic changes are essentially 
independent feeding; view based largely the observation that food 
was present the gastro-intestinal tract when the weight the liver 
was declining, even its minimal level. may pointed out, how- 
ever, that this not conclusive evidence against the food factor the 
elaboration the hepatic conceivable that certain constit- 
uents given ration may absorbed first and that these materials, 
taken the liver, may account for the initial increase the weight 
the organ. The decline the weight the liver which follows may 
correlated with the resorption these initially assimilated constituents. 
the same time there may present the intestine second group 
constituents which require longer time for preparation and absorption, 
and the liver may then decreasing weight. 

previous paper presented analysis the cyclic changes 
the livers white rats after restricted two-hour feeding period from 
observed that, after the feeding, the weights the liver 
passed through series characteristic changes. increase the 
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weight began soon after the taking food and reached maximum the 
early evening about six hours after food and water were withdrawn. 
transient fall the weight the liver was then recorded, followed 
second rise which reached its maximum about a.m. From this point 
gradual decline weight throughout the remainder the night, 
that a.m. weights recorded were essentially the prefeeding level 
twenty-two hours before. Thus the curve depicting these changes was 
bimodal. analysis certain constituents the liver showed 
that the changes the weights water, glycogen, and protein followed 
similar variation. Other observers have presented figures 
depicting the hepatie which show bimodal form similar that 
presented us. may say definitely, therefore, that under the condi- 
tions our experiment the bimodal character the cycle, during 
the twenty-four-hour period following single feeding, characteristic. 
shall consider here the effect the cycle various experimental 
conditions, and the presence absence changes general, 
well the effect the bimodal character the cycle. 

This investigation the food factor the production the cycle 
was conducted way two complementary experiments: The hours 
feeding the rats were shifted from a.m., which was the feeding 
period our original study, p.m., with the object determining 
whether shift the time feeding the animals would produce corre- 
rats which had been fed for two hours were studied; one group every 
successive two-hour period throughout the day. All rats were killed 
the same time after feeding. Thus the time day which the livers were 
examined constituted the only varying factor among the rats studied. 

For the first these experiments, fifty-five mature male rats, ranging 
weight from 125 175 grams were housed eleven cages, five each 
cage. For three days they were trained eat and drink from 
p.m., after twenty-two hours fasting. Food and water were removed 
from all cages p.m. the final day the experiment all rats were 
weighed p.m., and means linear regression equation, computed 
from the weights the body and the weights the liver twenty-five 
rats, likewise fasted for twenty-two hours, the weights the livers all 
experimental animals p.m. were estimated from the known weights 
the body. The method establishing and using the regression equation 
has been given animals ate and drank pleasure for the two-hour 
period from p.m. when they were again weighed, and the amount 
food and water consumed was determined. Five animals were killed 
exsanguination p.m. and every two-hour period thereafter until 
p.m. the following day. The livers were quickly removed and weighed, 
and the difference between the weight the liver, estimated the 
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regression formula from the weight the body p.m., and the recorded 
weight when the rat was killed, was considered the change weight 
liver for that hour. 

When the average increase the weights the livers the animals 
killed the successive two-hour periods after feeding were plotted, 
bimodal curve, similar that observed when rats were fed the morning, 
was obtained (table The initial mode was reached 
low point the a.m., after which gradual increase 
the weight the liver was recorded until the second mode was reached 
7a.m. From this point decrease was observed, and weights 
the liver comparable those estimated prior feeding were recorded 
the end the experiment. actual changes the amounts 
glycogen and water, computed the same way described previously 


TABLE 1 TABLE 2 
Summary changes weight Summary changes weight liver immedi- 
liver ately after feeding 
TIME CHANGE IN TIME Chance xs 
: w GROUP LIVER WEIGHT 
Actual Elapsed Feeding Killing 
hours grams grams 
p.m. 0.94 +0.34 3p.m. 0.47 


(4), disclosed the bimodal curve, with modes correspond- 
ingly shifted the later hours. 

Thus derived unquestionably bimodal although differed 
certain details from the one previously described. shifting the 
feeding period from a.m. p.m. likewise shifted the 
cycle. The first peak occurred eight hours after food had been 
taken, and corresponded fairly well the increase size, attained 
p.m. when animals had been fed from a.m. The second peak 
the curve this experiment occurred relatively later two hours than 
the original study, the time between the peaks being eight hours instead 
six. not regard this significant, for these maximal peaks 
may occur any time from four eight hours after the initial rise; 
however, significant that the second peak did 
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For the second our experiments, eleven groups ten rats each were 
isolated large cages and training period restricted feeding and 
drinking was initiated. The rats group were fed from a.m.; 
through the night; those group were fed and watered from 
a.m. this way all rats had access food and water for comparable 
periods and thus were trained eat and drink these successive inter- 

throughout the day. After three days training during which the 

rats were accustomed eat and drink for two hours, following twenty- 
two-hour fast, observations were begun. All rats were weighed before 
the feeding period and immediately thereafter, and thus increases 
weight the body were recorded. The amount food and water 
consumed individual rats was not computed. the end each two- 
hour period all rats fed during that interval were killed and their livers 
quickly removed and weighed. before, regression equation giving 
weight liver from weight body after fast twenty-two hours, 
applying these rats, was used for estimating the weight the liver prior 
feeding. The observed weight the liver each rat when killed was 
compared with that estimated, and the difference between the two was 
considered the change the weight the liver for that rat. 

The averages changes the weight liver recorded the successive 
two-hour periods (table make clear that bimodal change, such 
had observed previously did not appear this twenty-four-hour period. 
Since, this experiment all the were identical those our 
original study, which did divulge activity, except the relation 
the feeding time the time the rat was killed, the feeding regimen and 
the accompanying physiologic events are indicated the determinative 
factors which produce the cycle. 

Although the results this experiment not reveal characteristic 
bimodal cycle, the changes the weight the liver did not remain con- 
stant, might expected the weight the liver was altogether deter- 
mined the number hours elapsed since feeding. The average increase 
the weight the liver the ten rats killed a.m., and and p.m. 
was constant within small range, and was essentially the increase (0.45 
+0.09 gm.) recorded a.m. after the two-hour period our initial 
study. however, the average increase the weight the liver 
was 0.27 +0.05 gram, 0.18 gram less than the average recorded for the 
three earlier periods. have explanation for this except that 
accounted for the normal variability inherent observations this 
nature. Four the ten rats killed p.m. had livers weighing either 
less than slightly more than the estimated weight p.m. whereas the 
average increase weight the livers the remaining six rats was 
comparable with that rats killed the earlier periods. The average 
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increase during the two-hour period the eleven groups rats was 0.57 
gram. The average increase six these groups, rats killed a.m., 
and and p.m., falls below the average for all the rats, whereas 
the average those killed p.m., and and a.m. falls above 
that shown table might thus appear that greater increase the 
weight the liver had occurred during the night, and that food may not 
the only determining factor the hepatic rhythm. 

The amount food and water actually consumed each rat was not 
computed during this experiment, but the increases weight body 
during the feeding period were recorded. was found that the gain 
the weight rats fed for the two-hour period during the night was con- 
siderably greater than those fed during the day. Thus appeared that 
possibly the greater increases the weights the livers recorded could 
well due the fact that these animals had consumed more food night. 

order test the possibility that this increased consumption food 
during the night explained the greater increase the weight the livers 
that time, second food control experiment was out. The 
experiment just described was repeated, but was modified increasing 
the length the training period, during which the rats became accustomed 
eat and drink their appropriate restricted hours, and the amount 
food consumed was controlled. 

Eleven groups ten rats, each rat weighing between 165 and 240 grams, 
were placed separate cages, and fed and watered individually. The 
feeding period was shifted progressively, before, two-hour intervals 
throughout the twenty-four hours and the rats were trained eat and 
drink these periods for ten days preceding the final day the experi- 
ment. Our purpose prolonging the training period was away 
with any habitual rhythm which may have been set within the organism 
during its previous normal feeding and drinking activities. the ten- 
day training period, the amounts food and water consumed each rat 
the two-hour feeding period were recorded. This was done determine 
the usual amount food normally consumed each rat, order fix 
the amount actually provided the final day the experiment. 
addition, ten rats were isolated for the study their normal feeding 
reactions when food was constantly available. Records were kept, cover- 
ing their feeding, sleeping and waking activities for every two-hour period 
throughout the twenty-four hours for five days. wished know 
when these rats ate and the amounts they ate when food was always before 
them. the laboratory where the rats were housed, the temperature 
was maintained relatively constant degree, fluctuating between 
72° and 75°F. 

the final day the experiment, all rats were given identical 
amount food and water during the two-hour period which they had 
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been accustomed eat and drink. the basis the amounts food 
consumed during the various two-hour periods throughout the training 
interval, grams was selected the portion food allowed each rat. 
Water, however, was provided liberally, and the amount consumed 
each rat was recorded. All animals were weighed prior and immedi- 
ately after feeding. the ten rats each group allowed the grams 
food each successive two-hour interval, five, which had consumed all 
the food and adequate amounts water (10 were selected 
killed. Those which had consumed only grams were 
Five rats, each which had consumed exactly the same amount food, 
were killed each two-hour period, for twenty-four hours, six hours after 
food had been removed. Thus the amount food consumed each 
was identical, the interval between eating and killing was the same; the 


TABLE 
Summary changes weight liver six hours after feeding 


Feeding Killing TO PREFEEDING WEIGHT 
grams 
9-11 a.m. 0.88 1.16 +0.01 
p.m. 1.01 +0.16 1.17 +0.02 
3-5p.m. 1.03 +0.19 1.18 +0.08 


only variable factor was the time day the rats were killed and their livers 
examined. allowing six-hour interval from feeding the time 
killing instead two hours the prior experiment, the anticipated 
changes glycogen and water would greater and therefore permit more 
accurate determination. 

Weight liver was expressed, before, increase from prefeeding 
weight which was estimated from the weight the body linear 
regression equation applied this group rats. The average increase 
the amount hepatic substance has been computed not only actual 
grams but percentage increase over the estimated prefeeding weight 
(table 3). 

The changes glycogen and water were calculated the same princi- 
ple. Fifteen rats which had been subjected the preliminary conditions 


q 
q 
q 
4 
4 
a 


DIURNAL CYCLE LIVER 183 


this experiment, described, were killed prior feeding and the glyco- 
gen and water the liver were analyzed. The average value the water 
was 70.2 +0.1 per cent and the glycogen 0.88 +0.08 per cent. 
values were taken the basis for the computation the changes water 
and the method described previously. 

Observations rats normally housed, with food and water constantly 
available, were interest. indicate that rats sleep most the 
day and are awake most the night. The amount food consumed 
any rat any two-hour interval during the day from a.m. p.m. 
varied from 0.1 0.7 gram, amount relatively small compared 
and grams which was the amount individually consumed during twenty- 
four hours. Rats, however, which were trained eat during the day soon 
learned change their normal feeding habits. Although early the 
training period, rats which were fed during the day ate less during their 
feeding period than those fed night, they soon learned eat com- 
parable amounts food. concerned their sleep and cage activity, 
however, the rats fed during the day failed make complete adapta- 
tion this change their routine. With but few exceptions the rats fed 
night slept throughout the day, their normal habit thus being unham- 
pered. The rats fed during the day, the other hand, found difficult 
sleep night. Occasional naps were taken for short periods but their 
sleep was restless. They were awakened the slightest jar the cage 
door, that the total sleep secured the rats which were fed during 
the day was considerably less than that obtained the rats fed night. 
Although the data are means comprehensive, since the rats were 
not observed constantly, but only once each two-hour period, the records 
show that the rats fed during the day slept from fifth fourth the 
time, whereas those fed night slept from half two-thirds the time. 
clear, therefore, that any study changes that ensue the taking 
food, such increase the size the liver, must take into consideration 
the fact that animals, such the rat, are active and eat night, but sleep, 
and eat but little most the day. 

The data the increase weight the liver, when expressed either 
grams increase ratio the prefeeding weight (table 3), indicate 
this experiment that the average increases weight the liver the 
various two-hour intervals were constant within the limits variation 
the data. The average increase all the rats killed six hours after feeding 
the eleven groups was 1.12 gram. The variation the individual 
averages for the two-hour intervals around this grand average, are well 
within the limits random sampling. 

Determinations glycogen disclose similar constancy (table 4). 
The average percentage all the determinations was 6.14 +0.17 per cent, 
and the individual averages for the two-hour intervals varied relatively 


IS 
i 
4 


184 HIGGINS, BERKSON AND FLOCK 


small amounts about this average (table 4). When expressed grams 
increase over prefeeding value, the grand average the glycogen deter- 
minations for the entire experiment was 0.38 +0.01 gram. The averages 
for the separate two-hour intervals vary random manner and within 
normal statistical limits constancy (table 4). 

The average percentage water the livers all the rats six hours 
after feeding was +0.2 per cent (table 4). The individual average 
percentages water the separate two-hour periods varied from this 
small amounts. The grand average increase water over the pre- 
feeding values, expressed grams, was 0.71 +0.03 gram. The individual 
average increases the separate two-hour periods (table depart 


TABLE 4 
Summary changes weight glycogen and water siz hours after feeding 


TIME | GLYCOGEN WATER 
| | | grams | grams 


random from this average amounts well within the normal range 
statistical variation. 

COMMENT AND SUMMARY. Our studies indicate rather definitely that 
intake food determines largely the cyclic changes that occur the 
liver following feeding. When consumption food and water ade- 
quately controlled, would appear that the total weight the liver, and 
glycogen and water well, will not significantly greater night than 
during the day. far glycogen concerned are aware that factors, 
other than the assimilation carbohydrates from the gastro-intestinal 
tract, may contribute the amount glycogen. Glycogen 
muscle may transformed into acid and thence into glucose and 
eventually laid down again the hepatic cell But believe 
that such sources glycogen are probably insignificant the cyclic changes 
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which have observed the liver, compared with what available 
through assimilation from the gastro-intestinal tract. 

Forsgren and his associates found that alternate cycle deposition 
glycogen and secretion bile occurred the liver. The content 
glycogen was high night and low during the day, whereas secretion 
bile was high during the day and low night. They concluded that these 
cyclic changes were largely independent intake food. 

Our conclusion differs from the foregoing deduction, first placing 
emphasis the bimodal character the curve which describes the cycle, 
and second, the assertion that the time occurrence the phases 
the cycle depends the time the previous feeding. did not find 
that the weight the liver and its glycogen content are high one time 
and low another, but rather that there were two distinct peaks the 
curve changes, separated six eight hours the time occurrence. 
Furthermore, the position these high points and the intervening low 
point, far from being independent feeding, depended altogether when 
the food had been taken. When shifted the time feeding six 
hours, the various phases the cycle were correspondingly shifted. 
kept the time interval between feeding and the examination the liver 
identical, all the livers examined were essentially the same, regardless 
the time day night when provision was made that the amount food 
consumed should also constant. 

That the normal irregular feeding habits animals may produce mis- 
leading results such experiments have described, was shown our 
first experiment food control. found that the weights livers 
rats killed night were relatively higher than those killed during the 
day. But found, too, that these rats had consumed more food. When 
controlled the consumption, that the amount food consumed 
during the day equalled that consumed night, the difference the 
weights the livers was longer evident. This, believe, the 
probable explanation the observations Agren and his co-workers, 
which differences the amount glycogen the liver were found 
different times the twenty-four hours, although food had been removed 
the same number hours before the rats were killed. Since neither the 
time feeding nor the amount food was controlled, the differences 
they found may well due variations these two factors. 


CONCLUSION 
Our observations the cyclic changes which occur the livers rats 
whose consumption food was rigidly controlled, lead believe that 
these changes, particularly those concerning total weight, glycogen and 


content water, are largely dependent factors associated 
with feeding. 
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Much work has been done determine the absorptive powers the 
colon. While gases are admitted taken quite readily, and perhaps 
few drugs may taken sufficient quantity for clinical purposes, 
there exists much discussion the absorption glucose the colon. 
The evidence submitted has been that gained from glucose enemas man 
and from loops the dog’s colon while the animal was under anesthesia. 
The literature will not reviewed here since several recent papers contain 
splendid reviews the subject, e.g., Ebeling (1933), and Zweighaft 
(1932), and and Willems the work done 
subject some criticism because the methods used involve insurmountable 
difficulties. the sugar given the form enema, some may 
held the fecal material the bowel incompetency the 
sphincter may permit some absorption the ileum whether man dog 
the experimental animal. anesthetized dog used with the colon 
ligated the upper and lower ends, the anesthesia and trauma the 
exposed gut are decidedly unfavorable factors that must taken into 
consideration. 

From data obtained the above methods some have that the 
colon value absorbing organ for glucose while others have 
concluded that under favorable circumstances considerable quantities 
sugar may taken the lower bowel. Obviously one piece 
experimental work will settle the question. is, however, because 
using method less open criticism that wish present further 
evidence the problem. 

Work the closed loop small intestine with regard its adaptibility 
for investigating problems absorption (Burget, Moore and Lloyd, 1932), 
led attempt make available closed loop the colon. The entire 
descending portion the dog’s colon receives its blood supply from the 
median colic artery which runs the transverse portion 
varies length from em. and supplied long branches the 
right colic artery. The ascending portion quite short and supplied 


work was aided grant from the Committee Scientific Research, 
American Medical Association. 


187 


7 
a 
4 
4 


the ileo-colic artery. Accordingly the transverse portion alone suitable 
for making closed loop. few animals the mesentery this segment 
was found too short allow the attachment loop the anterior body 
wall. 

The incision made about 2.5 the left the mid line. This 
permits direct course for the mesentery when the loop attached between 
the incision and the mid line. The heavy muscularis the colon furnishes 
good base for the sutures attachment the anterior abdominal wall. 
The procedure used making the loop and uniting the free ends the 
gut end end anastomosis was similar that employed the 
small intestine (Martzloff and Burget, 1931). 

The post-operative recovery these animals was attended with less 
disturbance, rule, than that occurring after construction loop 
small intestine. Colon loops seldom accumulate fluid the course 
recovery; loops small intestine quite regularly show distention for the 
first week When distention colon loop took place recovery 
rapidly followed aspiration the fluid, provided the accumulation fluid 
was not due obstruction the veins accidental twist the 
mesentery. may stated further that our dogs with chronic colon 
loops have given less trouble from disturbances arising the loop the 
course its utilization than dogs with chronic loops the small intestine. 
The animals remain normal all respects for periods several months. 

Throughout these experiments pure glucose (Pfanstiehl Sp.r. 52.5°) 
was used and concentrations were checked the polariscope. After 
being measured accurate pipette, the sugar solution was introduced 
syringe and hypodermic needle. the end the absorption period 
the remaining fluid was aspirated and the loop washed injecting 
ec. warm physiological solution and aspirating. This was repeated 
three times order remove any remaining sugar. Estimations 
returned sugar were made the Shafer-Hartmann method. 

The results obtained when per cent solution glucose were 
injected are shown table When this concentration used consider- 
able influx fluid into the loop follows the injection. may cause 
some pain from distention the loop and provoke defecation. the 
end hour both sugar and water were being absorbed that the 
average amount fluid withdrawn (20 ec.) was less than the maxi- 
mum reached but more than was injected. The loop dog was found 
autopsy longer and greater diameter than the average. This 
accounts for the greater absorption regularly occurring it. 

Feeling that diffusion might play important absorption under 
the above conditions, some experiments were run with per cent solution. 
glucose solution this strength approximately with blood. 
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The results are shown table and indicate that the sugar taken 


the mucosa fairly uniform rate. The total amount sugar given was 
only 0.5 gram and consequently small errors made the results appear less 


regular than when greater amounts were injected. 


third series experiments was carried out using per cent 
solution glucose. the loop inflow fluid was not 
sufficient cause any noticeable discomfort the animal. the end 
hour ce. fluid were withdrawn. The amounts sugar 
> 
Graeme of glucose poor bed hour A bsor ption of glucose after injection of 
from colon loops following injection 
$ 7 ie 10 cc. of a & per cent solution 
7 boc 6 | 7 | poc 9 | poa 10 12 GRAMS ABSORBED 
| 
TABLE 
Grams glucose absorbed one hour following injection per cent 
solution 
0.19 0.20 0.27 0.22 0.24 
0.18 0.2 0.21 
0.19 0.20 
0.18 0.22 0.18 


absorbed are shown table results repeated experiments 
the same animal are remarkably constant and indicate that under the 
experimental conditions this work per cent solution the most 
satisfactory. 

These results indicate that the amount sugar taken one hour 
loop colon approximately one half the amount that ileal loop, 
comparable size, will take under similar experimental conditions 
(Burget, Moore and Lloyd, 1932). 


SUMMARY AND CONCLUSIONS 


closed loop the dog’s colon, attached the anterior abdomi- 
nal wall, has been found practicable. readily entered with hypo- 
dermic needle inserted through the abdominal wall over the attachment 
and lends itself for studies absorption from the colon. Dogs operated 
upon remain apparently normal and need special care. 
the loop may produce defecation and vomiting. that these loops pro- 
vide normal closed segment colon healthy unanesthetized animal, 
they offer improvement over methods now use for studying absorp- 
tion from the lower bowel. 

These experiments would seem leave doubt that the large bowel 
can-absorb glucose. Under the experimental conditions utilized per 
cent solution was found the most satisfactory concentration use. 
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That one another principle contained the anterior lobe the hypoph- 
ysis the stimulus the developed mammary gland (rabbit, 
bitch, hog, cow) active milk secretion was demonstrated Stricker and 
and Frei (1928, 1929a, 1929b, 1929c). This result has been con- 
firmed extended other species (rat, guinea pig, goat) Corner (1930), 
Nelson and Pfiffner (1931), Turner and Gardner (1931) and Turner and 
Frank (1932); also, now evident Parkes (1929); and—since the 
castrate non-castrate condition has proved unessential—by observations 
Evans and Simpson (1929, 1931), Putnam, Benedict and Teel (1929), 
Griiter (1930-31) and Asdell (1931, 1932). 

Though lactation certain species has sometimes been observed fol- 
low other procedures (e.g., castration women, estrus 
tions, ete.) these cases are probably importance only further elucida- 
tion species variability; final preparatory stage mammary 
tissue development; and the mechanism which the anterior pitui- 
tary induced release the principle which actually excites milk secretion. 
Thus Steinach al. (1928) and Laqueur al. (1928) noted lactation 
guinea pigs (and this species only) following high doses the estrus-produc- 
ing hormone; but later DeJongh and Laqueur (1930) reported that here the 
milk secretion began only after days; found days) 
discontinuance diminution the dosage. Further, Parkes (1930) and 
Turner and Frank (1930) have shown that the administration large 
amounts the estrus-producing hormone alone will not induce lactation 
rabbits. Griiter and Stricker suggest that the active principle their 
extracts probably not the gonad-stimulating hormone the pituitary; 
but case hitherto observed has been possible know which pitui- 
tary principle induced the lactation response. 

That one another principle contained the anterior lobe the 
hypophysis the specific stimulus for the enlargement and functioning 
(formation near end incubation cycle) the crop-glands 
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doves and pigeons was shown Riddle and Braucher (1931). They 

also demonstrated that the substance obtained from pregnant 

urine (like many other known hormones and tissue extracts) wholly 
incapable effecting this response. Riddle and Braucher were unable 
decide ‘‘whether the principle activating the crop-gland the growth, the 
sex maturity (gonad-stimulating) third and now unknown anterior 
pituitary 

The present study, and preliminary reports upon (1932a, 1932b), pro- 
vide data which show: that the lactation and crop-gland responses are 
activated one and the same pituitary principle; that this hitherto 
unrecognized and unisolated anterior lobe hormone for which the name 
proposed; that fairly satisfactory methods have been 
developed for both the isolation and assay this hormone. This presen- 
tation also necessarily includes the results our bioassays (on immature 
male doves and pigeons) many currently used anterior pituitary extracts 
generously supplied other investigators; the results—obtained 
animals which are extremely sensitive the gonad-stimulating hormone 
and can also give the crop-gland response—readily show whether and 
what extent those are contaminated with the gonad-stimulating 
and the newly isolated principle. These bioassays have enabled 
select—also, the case the gonad-stimulating hormone, prepare— 
such preparations the growth and gonad-stimulating hormones have 
little power stimulate the crop-gland and are therefore suitable 
for tests the capacity these two hormones effect the lactation re- 
sponse. 

think that the status hormone has been proved hitherto for only 
two anterior pituitary derivatives, namely, the principle promoting general 
body growth and that for gonad-stimulation—with our use this latter 
term always excluding prolan. time when neither these two hor- 
mones has been isolated really pure form, and when preparation 
either hormone could properly declared free from the other then known 
principle current methods assay, has admittedly been difficult 
identify, partially isolate—and obtain satisfactory proof two specific 
responses to—a third anterior pituitary principle. Nevertheless, assisted 
the available experience others the great labor involved prepar- 
ing and (initially) testing very numerous anterior lobe extracts the imma- 
ture dove pigeon, think this has been accomplished. Only the end 
this study had the growth principle been separated (perhaps) satisfacto- 
rily from the gonad-stimulating hormone Collip, Selye and Thomson 
(1933), whose preparations are shown our tests contain only moderate 
amounts the herein described third principle. 

THE CROP-GLAND RESPONSE. The special suitability the dove pigeon 
test object for anterior pituitary hormones. The great sensitivity the 
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immature male testis the dove and pigeon extracts (not implants) 
taining the gonad-stimulating hormone has been specifically discussed 
Riddle and other data this point reported Riddle and Flem- 
ion (1928) and more fully Riddle and Polhemus Prior the 
age months (from time embryo began development, not from hatching) 
the weight the testes ring doves extremely low and practically pre- 
dictable (maximum testes weights exceed average controls tables and 
about per cent); the same true ordinary common pigeons 
the age 2.5 months (ages reckoned may converted into post- 
natal age subtracting 0.5 month for doves and 0.6 month for pigeons). 
these ages the adult body weight nearly attained. Moreover, in- 
creases weight the testes these young animals, response injec- 
tions the gonad-stimulating factor, are uncomplicated simultaneous 
accumulation matter type (i.e., luteinization, the 
cause which think yet undetermined) such rodent 
and other mammalian ovaries. 

Doves and pigeons any age sex (while not incubating eggs) are 
suitable tests—and indeed the only available tests— for the crop-gland 
response which normally eventuates the formation 
near the end incubation period. Though there difference the 
thickness and weight the unstimulated crop-gland region young and 
old (mature) birds, for the moment need know only that the weight 
single (there are two) unstimulated crop-gland immature ring doves 
has been found between 130 and 200 mgm. 

Whether doves and pigeons are good test animals for the growth hor- 
mone not satisfactorily known. The data tables and contribute 
something this question. test earlier made one (Riddle, 
1931b) with impure alkaline extract showed that two young 
ring doves, aged 2.0 months, could brought weeks weight (213 
grams) per cent above their normal adult weight (160 grams). 

Does the growth hormone stimulate the crop-gland? order learn 
whether the growth hormone can activate the crop-gland (and stimulate 
milk secretion) was found essential obtain quantities the best avail- 
able preparation the growth hormone from other laboratories (table 1). 
The phyone Van Dyke and Wallen-Lawrence was obtained quite fresh 
from the present manufacturers (Wilson Co.). The growth hormone 
Evans (1931, method) was prepared our own laboratory. These sev- 
eral extracts were injected into both male and female ring doves, and 
most cases also into male and female common pigeons. For purposes 
this paper tabulate only data obtained from immature male ring doves 
showing the extent which the various growth preparations contained also 
the gonad-stimulating the crop-stimulating principle. ask, however, 
continuous remembrance the fact that here tabulate only part the 
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TABLE 
pituitary (growth) preparations tested particularly for the gonad-stimulating 
hormone and for prolactin injection into immature male ring doves 


DOSAGE 2ST Es | 


Preparatio N BODY CROP- 4 

days | months | grams mgm. | mgm mgm. 7 

A | | | | 4 

Growth, plus 0.2 pro- 3.0 123 +22) 10.0) 235 


Prolan (antuitrin (100 3.0 143 10.0) 145 


Milligrams approximately dry powder. 
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data used the preparation this paper. Besides the many contro! 
birds used, about 600 doves and pigeons have served tests. 

The preparations Lee and Schaffer and Collip, and Thomson 
were previously simultaneously tested for growth 
rats and good growth potency was there reported. Our own data intact 
doves and pigeons both sexes also this growth potency those 
extracts, and also phyone, the Evans preparation and the antuitrin 
Parke, Davis our examination (table and additional data) 
the capacity these several preparations activate 
the crop-gland may recall that unstimulated single 
immature ring dove weighs less than 200 mgm. and that weights excess 
that amount stimulation (the presence prolactin). The larger 
the amount the stimulus used the greater the increase weight the 
crop-gland (see no. 51, near bottom table Both the amount and the 
duration the dosage with the principle are important 
factors the response; the maximum weight increase this gland at- 
tained (or perhaps sometimes days daily dosage, and dosage dur- 
ing longer shorter periods yields less than the maximum response. 
With these points evaluated observe that antuitrin and the Evans 
preparation stimulate the strongly; the preparations Lee and 
Schaffer, Van Dyke, and Collip stimulate less but Among 
these preparations, and others that could cited, there relationship 
between growth potency and crop-stimulating power. 

Other and more conclusive evidence that the growth hormone not the 
crop-gland stimulant obtained from injections relatively pure prolactin 
(see lower part tables receiving this substance may (more 
often they do) may not grow, but their crop-glands enlarge greatly (and 
predictable extent the preparation used was previously assayed; see 
section and, the dosages used, these preparations gave gonad- 
stimulation and special thyroid-stimulating response whatever 
animals. Elsewhere (1933) have shown the absence thyreotropic 
response (size increase) prolactin; tabular evidence for all 
other parts the preceding statement given the present paper. 

Does the gonad-stimulating hormone stimulate the short 
and conclusive answer this question obtained from even part the 
data table Our own preparations the gonad-stimulating hormone 
were very potent—giving increase immature dove testes 500 1200 
per cent days—but, the quantities used us, they had 
power (except no. which gave slight response) stimulate 
Other gonad-stimulating preparations which are nearly quite incapable 
stimulating the crop-gland are antuitrin and the water- 
soluble part the aqueous-pyridine soluble fraction obtained Fevold, 
Hisaw and Leonard other side this contrast supplied 
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TABLE 


Anterior pituitary (gonad-stimulating) preparations tested particularly for gonad- 
stimulating hormone and for prolactin injections into immature male 


ring doves 


DOSAGE 
Preparation 
meter 
Kind Number 
days 
> ro Ar \ 
pyridine 
soluble (Fevold, Hi- 
saw, 
* 
(Fevold, al.) (b) 
Thyreotropic fraction 
(Anderson and 


Our own preparations but made the method these authors. 


Milligrams approximately dry powder. 
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-| 
| | SINGLE 
Aver- | 
age | CROP- 
for | GLAND 
con- | 
| trol | 


CHANGE 

grams 

126 
153 43.0) 
160 
157 

175 
160 

158 
129 27. 
142 
135 23. 
36. 
142 
153 90. 
152 
155 
146 
148 
129 
—2| 
145 
140 
159 
137 


mgm.| mgm. 


(160) 


(140) 
605 
197 
131 
150 
157 
217 
175 

960 
660 
780 
205 
6.8) 225 
208 
170 
180 
325 
210 
685 
970 
985 
700 
880 
910 
940 
650 
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data tabulated for the various prolactin preparations (tables and 2). 
With the quantities these preparations used for our tests obtain 
gonad-stimulation, and obtain marked response (active 
tion’’) the crop-glands. Fortunately the solubilities the gonad-stimu- 
lating and crop-stimulating principles are sufficiently different make 
practicable wash precipitates the latter quite free the former. 
That these two principles are entirely distinct was easily placed beyond 
question early this study. 

Control weights for testes are given for all individuals listed tables 
and The ages the listed birds range from 2.1 3.3 months, and 
group controls has been obtained for each the age-groups thus rep- 
resented. Each figure for control testis weight the average for group 
from birds—a total 117 controls. 

THE LACTATION RESPONSE. the crop-stimulating principle capable 
exciting the developed mammary gland active milk secretion? must first 
emphasized that these studies not much touch the question 
whether one another anterior pituitary hormone directly indirectly 
concerned the normal growth and development the mammary gland— 
though have become fairly convinced that prolactin has not the 
least favored the growth and development mammary tissue the partic- 
ular individuals with which have worked. 

Our tests have been applied animals which had, (because their 
previous history) could confidently expected have, developed mam- 
mary tissue capable secretion, but with this wholly inactive 
gards secretion. positive lactation test here means that the dry animal 
was made secrete milk—not cloudy fluid—and this essentially irrespec- 
tive the quantity, which varied from drops streams. Since the work 
others already cited, and our own earlier tests, showed that the castrate 
normal condition was unessential the response sought this study 
(which not investigation mammary growth) our chief material was 
normal parous guinea pigs and rabbits. Where males non-parous fe- 
males have been used (except noted) these animals have had two three 
weeks preparatory treatment for mammary development with theelin 
daily) and progestin (corpus luteum, 0.5 daily) some cases 
which milk was obtained from questionable animal the mammary tissue 
was examined direct inspection sections. Some these guinea 
pigs and some these rabbits were obtained from dealers under conditions 
which precluded initial certainty our part concerning their previous 
history, and indeed some early attempts with such animals were aban- 
doned, turned toward special exploratory study. Such initial uncer- 
tainty, however, can have had but slight effect upon our tabulated results; 
for the few unexpected cases pregnancy were course later found and 
eliminated, cases desired pseudo-pregnancy (with vasectomized buck) 
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cerning the ovarian and uterine conditions some animals, and very few 
cases were otherwise attested clarified. 

The data table sufficiently show the ability the crop-stimulating 
principle cause active milk secretion prepared but wholly inactive 
tissue guinea pigs. general rough measure the crop-stimulating 
power each the preparations (prolactin) used these tests mam- 
mary activation has been indicated already the bottom tables and 
These preparations cause milk secretion normal and castrate parous 
females, and suitably prepared normal and castrate males and non- 
parous females. expected, from the absence adequately de- 
veloped mammary tissue, they cause secretion unprepared non-parous 
females. 

Among tests made guinea pigs considered capable yielding milk 
there were practical failures. These failures merit comment too 
extensive given here, and note merely that they seem neither 
total nor wholly inexplicable. numerous successful and uncomplicated 
cases show that such guinea pigs have been studied lactation 
should result from daily subcutaneous injections the pituitary lactation 
factor within days. Further delay the lactation response un- 
usual and, our opinion, indicates either that only weak partial stim- 
ulus has been provided that something the previous preparatory 
treatment the animal responsible. 

The data given table for prolactin dosage show that the crop-stimu- 
lating hormone also stimulates lactation normal and castrate parous 
rabbits. the tests with single heavy dose) the result was not 
satisfactory, since only traces milk were obtained. The other two 
these tests were made (as was another test with gonad-stimulating prep- 
aration) the same rabbit (P). This rabbit (from dealer) had (later) 
history which probably would warrant her exclusion from consideration 
these tests. 

the growth the gonad-stimulating principle capable exciting the devel- 
oped mammary gland active milk secretion? Table gives the answer 
this question this was obtained from guinea pigs. Five tests were made 
with good growth hormone preparations Lee and Schaffer, and Collip, 
which contain relatively small amounts the crop-stimulating principle. 
only one the tests was the pig brought into lactation, and this was 
imperfect delayed response days; and following estrus) nearly unique 
female later observed yield slight quantity milk days after 
estrus even without dosage. 

Six tests the ability the growth hormone induce lactation rab- 
bits are given table Five these tests were entirely negative. 
Preparation no. Lee and Schaffer, which gave positive result, 


were obtained under our own control; castrations supplied information con- 
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TABLE 


Showing that milk secretion guinea pigs results from the injection prolactin 


ANIMAL DOSAGE 
NUMBER Sex and condition — LACTATION 
grams ce days 

nearly adult* 474 2.0 Milk 


29-34 non-parous 467 2.0 None pected 

0.5 Milk 


480 Milk 


parous 


50-57 parous 550 2.0 Milk 


parous 


| 


Preliminary treatment growth with theelin and progestin. 
Theelin simultaneously given first days injection. 
Prolactin dosage for days, with progestin dosage also from 4th 12th day; 
lactation days after last injection. 

This isoelectric soluble (gonad-stimulating) fraction. 

Slight milk secretion 4th day; thereafter nothing till real lactation time 
indicated. Preparation no. contained little prolactin (see text). 

Dosage raised 4.0 cc. daily after days. Pigs not really standard condi- 
tion. 

single heavy dose (150 mgm.) only. 

Dosage with this low potency preparation was increased during last days. 
199 
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TABLE 4 
Showing that milk secretion guinea pigs results from the injection neither prolan 
nor the growth and gonad-stimulating hormones 


PITUITARY DERIVATIVE ANIMAL | = DOSAGE | 
| | | | DAY OF 
a | RESULT | BEGINNING 
Kind of | y Sex and | Num- = | Volume | Dura-| LACTATION 
preparation condition | ber daily tion 
| 


s | BODY 


| days 


tary parous milk 
parous pected 
parous 


Gonad stim- milk 


fraction 


700 


| 


Preliminary treatment for mammary development with theelin and progestin. 
This was days after estrus primiparous female later found lactate 
2-4 days after estrus without treatment. 

These extracts whole sheep pituitary, supplied Parke, Davis Co., con- 
tain much gonad-stimulating hormone, very considerable prolactin, and probably 
some growth hormone. 

This animal was obtained from dealer who almost certainly misstated its 
condition non-parous. 

Dosage 3.0 cc. during last days. 

guinea pig dosed with one-sixth this quantity this preparation following 
dosage with prolactin not listed this table. 
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shown our complete tests crop-stimulating activity have contained 
more this principle than did their preparations and 36, and also more 


TABLE 5 
Showing that milk secretion female rabbits induced prolactin but not growth 
gonad-stimulating hormones 


PITUITARY DERIVATIVE ANIMAL | DOSAGE DAY OF 
| BEGIN- 
Result NING 


| | 
| | Num- | Body | | Dura- | LACTA- 


ce. days | 

Milk 
Trace 
Milk 

Milk 
Milk 
Trace 
Milk 

Milk 
Milk 


Parous 
Parous 
Parous 
Parous 
Parous 
Parous 
Parous 
Parous 
Parous 


Nm 


WwW 


* 


* 


Prolactin 


NOM 


bo 


Castrate 
Castrate 
Castrate 
Castrate 
Castrate 
Castrate 


Milk 
Milk 
Milk 
Milk 
Milk 
Trace 


+ 


w 


None 
None (=?) 


Parous 
ulating Parous 


or 


Thyreotropict Parous Milk§ 


Growth (Lee Parous Milk 
and Schaffer) 

Growth 
(Phyone) 


w 


w 


Parous 
Parous 


None 
None 


w 


( 

Parous None 


Growth 
(Collip) 


Single large dose only (600 mgm.). 

Single large dose only (600 mgm. till days; then daily intramuscular injections 
hours after second injection; no. only traces whitish 
fluid teat) continuously after tenth day. 

Preparation supplied Dr. Collip (traces prolactin). 

Abnormally small quantity and duration. 


than either the preparations (phyone and Collip’s) which completely 
failed stimulate lactation rabbits. 
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examination results obtained with the gonad-stimulating hor- 
mone should remembered that phyone and the growth preparation 
Lee and Schaffer were also rich the gonad-stimulating (and thyroid- 
stimulating) hormone. The failures those preparations de- 
scribed immediately above therefore also show the inability the gonad- 
stimulating (and thyroid-stimulating) hormone produce lactation 
guinea pigs and rabbits. Four additional tests (table 4), made guinea 
pigs with our own very potent gonad-stimulating preparations, gave nega- 
tive results. further test with shown table 
have fair gonad-stimulating and but little crop-stimulating power (and 
otherwise tested Anderson and Collip, 1933), also proved incapable 
exciting milk secretion guinea pig. Again tested huge quantity 
rabbit (table this same preparation gave partial and abnormal re- 
sponse. Two rabbits tested with our own preparations gonad-stimulat- 
ing hormone proved negative, though one animal (P) may not have been 
condition respond. 

Seven guinea pigs were tested (table with prolan—the antuitrin 
Parke, Davis Co.—which has crop-stimulating activity whatever 
(table 1). Quite apart from the general result our tests, probably 
one familiar with the subject will consider prolan real direct activator 
mammary secretion. does lead luteinized ovaries, and the hormone 
from such lutein tissue does play part mammary growth, least 
rabbits (Asdell and Salisbury, 1933). 

Seven guinea pigs were injected (table with extracts whole sheep 
pituitary (Parke, Davis Co.) similar those earlier used induce lacta- 
tion Corner (1930), Nelson and (1931), Asdell (1931, 1932), 
Turner and Frank (1932) and Nelson and Smelser (1933). Our table 
shows the rich gonad-stimulating (and thyroid-stimulating) and fair prolac- 
tin content these preparations—with every probability that some growth 
hormone also present. The three non-parous females, quite expected, 
produced milk. prepared male gave delayed response days). 
female, almost certainly parous, began giving milk days. Failure 
get lactation from two parous pigs and 05) notable, but these cases 
lead discussion too lengthy present here. general, these results 
are those would expect from our demonstration the prolactin content 
the preparations used. here note that such pituitary preparations 
were employed Stricker and Griiter would expected contain 
fair quantities prolactin. 

Bringing together the sum our results must conclude that ex- 
tended series proper tests made guinea pigs and rabbits with prepa- 
rations showing good growth and gonad-stimulating hormonal content (and 
nearly all having high thyreotropic action) has shown that neither these 
pituitary principles the stimulus for milk secretion either 
those two kinds animals. 
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The ability prolactin stimulate the crop-gland castrate hypophy- 
sectomized pigeons and the mammary gland hypophysectomized 
only the third pituitary principle (prolactin) has been found capable 
stimulating either the crop-gland mammary secretion normal animals 


TABLE 
Showing that prolactin elicits the crop-gland response after castration hypophysectomy 


pigeons, and after hypophysectomy rats 


TEST 


OPERATION 
(CASTRATION 
HYPOPH YSECTOMY) 


castrate 


castrate 


castrate 
castrate 


INTERVAL 

BETWEEN 
OPERATION 
AND DOSAGE 


PROLACTIN PRE 


ARATION AND 
DOSAGE 


P- | 


| BO 
ace |_BOPY 


WEIGHT 


| Num-) Quan- Time 


ber | tity 


| 


SINGLE 
CROP-GLAND 
WEIGAT 
(OR MILK) 


Birds 


days* 
days* 


6.0 months 
6.0 months 


| 
| 
| 
| 
| 


| mgm. | dc 


1y8 mos grams 
| 


304 


325 


mgm 


castrate 10.3 months 
partial cas- 


tration 10.3 months 


normal 
normal 


days 
days 


Hypophysis 


Rats 


days 
days 


Rat Hypophysectomy 


This for normal incubation, dosage. Crop-gland not freed from 
milk. 
Anearly preparation prolactin which was not made free gonad-stimulating 


hormone. 
Sections demonstrate the operation was not successful. 
Very small drops milk beginning this day and continuing for days. 


seems much more important test the effectiveness the third, rather 
than the other two pituitary principles, the hypophysectomized animal. 
Again, though have already shown that prolactin effectively stimulates 
milk secretion the castrate animal, remains indicate that prolactin 


| 
Pigeon ; 84 4,200 
| | | | 
| | | 
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also stimulates the crop-gland the castrate animal. This latter point 
has been partly covered Riddle and Dykshorn (1932), whose data are 
included (first cases) table Those data merit some expansion since 
Kaufman (1932) thinks the testes play necessary part causing the re- 
lease the pituitary principle which directly activates the crop-gland 
pigeons. Table supplies data these several points. crop-glands 
castrate pigeons are indeed stimulated very small amounts pro- 
lactin. 

completely hypophysectomized (Dykshorn) ring dove responded 
300 per cent increase crop-gland weight days, and the actual 
secretion crop-milk that time. Another dove similarly but unsuccess- 
fully operated gave wholly comparable crop-gland response prolactin. 
Two rats, reared and hypophysectomized Dr. Smith, both re- 
sponded subcutaneous injections prolactin the production slight 
amounts real milk the fourth and fifth days following the first injec- 
tion. the case both animals cephalad teat (2nd) came into function 
about hours before large caudad (2nd from tail) teat. mammary was 
removed from each rat the seventh day for inspection and sections, and 
thought that greater quantity milk was hardly expected from 
the small amount tissue present. Hypophysectomy was performed 
the day litter was weaned. days later, and for further period 
days, trace milk was expressible from any gland—each which 
was carefully examined least once daily. For these two animals are 
much indebted Doctor Smith. 

These tests are believed supply fairly evidence that pro- 
lactin stimulates the crop-glands without the mediation the testis; that 
the absence the hypophysis effective stimulus the crop- 
glands doves and mammary secretion the rat. 

this connection should note important results contained two 
very recent preliminary reports Selye, Collip and Thomson (1933). 
These workers find that prolonged dosage virgin rats with urine preg- 
nancy preparations followed intense luteinization their ovaries and 
full development their mammaries. The removal the ovaries such 
rats leads milk secretion within hours, but this secretion does not 
occur the pituitary simultaneously removed. Further, hypophysectomy 
rats between the tenth and fourteenth day gestation usually permits 
normal parturition term; and these cases milk secretion sets in, but 
stops after few hours that the hypophysectomized mother unable 
suckle her young. 

Effectiveness prolactin the mammaries other animals. Prolactin 
preparations nos. and have been used successfully each test made, 
three adult monkeys (4.5 8.5 kilos) and opossum, Dr. Carl 
Hartman, Baltimore, whom are much indebted for the following facts: 
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One monkey was ovariectomized, hysterectomized, and one mammary re- 
moved the date first injection (12th day sex cycle); another was 
hysterectomized and part left mammary removed the initial date 
dosage day cycle); the third was normal and menstruated during 
the third sixth (last) days dosage. the first monkey the initial dose 
was very high (360 mgm.), with reduced amounts given the next days; 
the second and third monkeys the initial dose was moderate (90 mgm.) 
and repeated (usually) fractional amounts twice daily for and days. 
all cases the animals were initially dry and—passing through stages 
clear and fluid—began producing milk within Others 
will soon publish results clinical tests made with some our recent pro- 
lactin preparations. 

General statement the lactation response. not suggest that the 
selection animals suitable for lactation tests uncomplicated problem. 
Initially and throughout our study have profited much the expe- 
rience predecessors already mentioned. have not hesitated ex- 
clude such animals procedures have proved wholly unsuitable, 
whether used exploratory work special reserved aspects the 
problem, from the data tabulated here. seems, though not proved, 
that initial light dosage with prolactin develops non-castrate female 
guinea pigs mammary state which the lactation response unusually 
difficult obtain later with increased and adequate amounts prolactin. 
Lactation the pregnant guinea pig induced neither prolactin nor 
the other two pituitary principles nor still all combined. 

Guinea pigs (and rats) were injected subcutaneously; rabbits, both 
subcutaneously and intramuscularly. Injections were made once daily 
with minor exceptions (twice daily). the greater part the work the 
diet rabbits was strictly limited alfalfa hay and oats. The guinea pigs 
were fed with commercially prepared which various green sup- 
plements were added from time time—these supplements being some- 
what more restricted during periods injection. 

are much indebted our colleague, Dr. for placing 
our disposal very fair numbers female mice whose breeding and lac- 
tation history were fully known. Even with this advantage, however, 
were forced conclude that present the mouse unsuitable for such 
lactation tests. 

connection with this general statement wish make special and 
sincere acknowledgments Dr. Oliver Kamm and Dr. Bugbee 
the Research Laboratories, Parke, Davis Co., Detroit, for generous 
amounts many preparations used particularly connection with the 
studies already described. Also, Dr. Milton Lee and Dr. Collip 
for very useful preparations; and Dr. Corner for then unpublished 
details improved methods preparing progestin. 


* 
q 
7 
3 
q 
i 
4 
His 


206 RIDDLE, BATES AND DYKSHORN 


PREPARATION PROLACTIN. considerations. Prolactin has 
been found relatively insoluble its point water. 
all published methods purification other anterior lobe hormones 
have indicated that this iso-insoluble fraction contains little potency, 
and may discarded. 

Van Dyke and Wallen-Lawrence (1931, 1933), Fevold, Hisaw and Leon- 
ard (1931), Biedl (1928), and others who have published methods pre- 
paring the gonad-stimulating hormone, all agree its complete solubility 
water all hydrogen ion concentrations. have confirmed this 
ready solubility the gonad-stimulating hormone and have found possible 
completely remove from prolactin preparations thorough extrac- 
tion the isoelectric point (tables and 2). 

Van Dyke and Wallen-Lawrence (1930) use the 4.75 soluble fraction 
their preparation phyone, indicating higher solubility for the growth 
hormone than find for prolactin—though they state that much potency 
remains the precipitate. However, this point their method 
preparation there present fair quantity sodium sulphate which this 
probably increases the solubility all protein constituents present. 
addition its high growth hormone content our bioassays show that phy- 
one contains some prolactin and much gonad-stimulating hormone (table 1). 
Van Dyke (1930) states further: 


That acid extracts the anterior lobe the pituitary gland have effect 
growth has been confirmed. Furthermore, alkaline extracts anterior lobe hash 
which had first been acid-extracted the attempted preparation the sex hormone, 
have been repeatedly negative. Meta-cresol added the clinical preparation 
(phyone) gives rise precipitate which soluble addition base; but the ac- 
tivity the preparation lessened lost. 


the opinion many who have attempted isolate the growth hor- 
mone that drying precipitation with ethanol adverse the growth 
hormone. Reiss, Selye and Balint (1931) report that alkaline extracts 
dried anterior lobes contain growth hormone but contain so- 
called luteinizing hormone. Their final step purification this growth- 
free luteinizing substance involved its separation from water insoluble 
fraction (i.e, the main prolactin fraction was 

addition separating off much growth hormone discarding the 
more soluble fractions have frequently sought destroy the growth 
hormone defatting, extracting and drying ethanol, prolonged acid 
(pH 2.0) extraction, and using metacresol preservative for prepara- 
tions allowed stand for days before their use injections. These 
measures, though they may some extent affect the yield, destroy but 
little prolactin. 

Methods extraction. have used frozen dissected anterior lobes 
(best yield from beef, less from sheep, little from hog). powder made 
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from these glands defatting and drying with ethanol, followed acetone 
and grinding, has been most frequently used for extractions, but the finely 
ground fresh glands have been found preferable some ways. The 
following procedure has been out prepare prolactin free from 
growth hormone. Three successive acid extractions (pH 1.5 2.5) 
the ethanol dried powder were made, extending over period 
hours. The three extracts, still acid, were then combined and NaOH added 
the point maximum precipitation (pH 6.5 precipitate 
was centrifuged and washed free from the gonad-stimulating hormone 
and was then dried with ethanol and acetone. Preparations 18, 23, 29, 34, 
50, and (tables and were made this method. Some potency still 
remains the residue which may now recovered com- 
pletely alkaline extraction and the extracts precipitated isoelectrically 
and dried. Such preparations are nos. 31, 35, and (tables and 2). 
Cresol concentration per cent (0.2 0.4 usually employed) has 
not been found decrease the potency the prolactin any our prep- 
arations. 

acid extraction (pH 1.5 2.5) has also been out per cent 
ethanol. The acid insoluble fraction was then extracted per cent 
ethanol 10.5 these acid- and alkaline-ethanol ex- 
tracts, when adjusted the region, gave precipitates that were 
highly potent prolactin. Preparation no. (table iso-insoluble 
fraction. But the per cent ethanol iso-soluble fractions, though con- 
taining less total potency, are the most potent per unit weight any 
prolactin preparations that have made. 

When complete freedom from growth hormone not especially sought 
the method extraction described below the most reliable one found. 
The yields potency, and the dry weights the five fractions described, 
considerably with each preparation, especially when different lots 
pituitaries are extracted; the main, however, the results are consistent. 
Incident this method, and also the acid extraction method described 
above, good gonad-stimulating preparations are simultaneously obtained. 


quantity desiccated anterior lobe powder, ground fresh anterior lobes, 
suspended volume water equal ten fifteen times its dry weight. 
mal NaOH added until 8.5 9.0—pink phthalein red—is reached (in- 
dicators have been used for most the determinations which are therefore ap- 
proximate values). After stirring for one hour less the mixture centrifuged and 
the supernatant decanted; the insoluble portion suspended water the original 
volume and extracted again for one hour. These extractions are repeated 
times and NaOH added each time after the first two extracts, thus increasing the 
gradually about 10.5 11.0 for the last extract. The alkaline insoluble 
residue (A) brought to7 with and then dried with ethanol and ace- 
tone. The first 9.0 extract adjusted once about and centrifuged. 
The 8-insoluble fraction from this suspended the second extract the 
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powder, again adjusted about and centrifuged. This 8-insoluble frac- 
tion similarly extracted with each succeeding alkaline extract. The final 
with HCl, and dried with ethanol and acetone. 

The 8-soluble fractions are adjusted turn the point minimum solubility 
point?) 5.0 5.5 and centrifuged. This isoelectric precipitate 
suspended in, and thereby extracted with, each subsequent 8-soluble fraction 
the latter precipitated isoelectrically. The combined fractions (C) 
are finally dried with ethanol and acetone. The first two three iso-soluble frac- 
tions (containing most the gonad-stimulating hormone) are combined (the other 
soluble fractions may concentrated discarded), concentrated vacuo one- 
tenth their original volume and precipitated concentration per cent 
ethanol (preferably alow temperature). After standing, the supernatant may 
decanted and the precipitate dried. This precipitate then extracted thoroughly 
with water dissolving (with the aid minimal quantity NaOH), reprecipitat- 
ing the isoelectric point, centrifuging, decanting the soluble fraction, and extract- 
ing the iso-insoluble fraction once twice more; this iso-insoluble fraction (D) 
dried. The iso-soluble fraction from again precipitated with per cent 
ethanol and the precipitate dried; this iso-soluble fraction may found that 
this ethanol precipitate still not completely soluble water, but further extrac- 
tion with water and precipitation with ethanol will make quite free from the water 
insoluble material, prolactin. 


thus have five fairly reproducible fractions consider for assay. 
The 11-insoluble residue, represents per cent weight 
the original dry powder; contains gonad-stimulating potency and 
only traces prolactin. The 8-insoluble fraction, represents 
per cent the starting weight; contains little gonad-stimulating 
hormone and about one-fourth potent prolactin fraction 
The main iso-insoluble fraction, represents about per cent the 
initial weight the dry defatted powder and the prolactin fraction (e.g., 
no. 65, contains little gonad-stimulating hormone. 
insoluble fraction represents about per cent the starting weight; 
potent prolactin fraction but may contain some gonad-stim- 
ulating hormone unless further washed. fraction potent 
gonad-stimulating preparation; contains only trace prolactin, and 
usually contains posterior lobe principles. One milligram per day will 
cause gonad hypertrophy immature doves the degree shown table 

thus seen that prolactin obtained chiefly from insoluble residues 
which have been discarded those who have hitherto made preparations 
the growth and gonad-stimulating hormones. Our attempts further 
purification fraction have been successful but not satisfactorily con- 
sistent. The above-described alkaline extraction method applied liver, 
muscle, testis and whole blood has failed yield substance (prolactin) 
capable stimulating the crop-gland. 

Whether prolactin adsorbed the repeatedly washed isoelectric 
precipitates itself only slightly soluble can not stated. connec- 


tic 
lac 
fie 
fol 
lac 
3 th 
pl: 


HORMONE THE ANTERIOR PITUITARY 209 


tion with this question seems important note that the point mini- 
mum solubility (isoelectric point?) prolactin made from acid 
extracts approximately while alkaline extracts are precipitated 
approximately present not understand the paradox 
involved this result. 

THE ASSAY PROLACTIN. The response used. Since but two responses 
this pituitary principle are now known are forced choose either the 
lactation response the crop-gland response the basis method for 
the quantitative assay this hormone. The lactation response seems pe- 
culiarly unsuited even approximately accurate measurement the 
prolactin content series preparations. are left with the far 
better possibilities offered the crop-gland response, even though the 
necessary test objects are not now very common laboratory animals, and 
though age (young adult) and size here make difference which must 
taken into account. the small ring doves the much larger com- 
mon pigeon (of any race, unless pouters, not examined us) may 
used, and the difficulties offered these size differences are much simpli- 
fied our demonstration that the weight the crop-gland pro- 
portional the body weight the bird irrespective race (fig. 3). Within 
given race (e.g., all ring doves), however, such correlation between 
body weight and crop-gland weight apparent our data. 

Excision the crop-glands. one would able wholly substitute 
brief description this matter for personal familiarity with the amount 
crop-wall which normal incubation and under prolactin dosages 
undergoes extremely proliferation with subsequent formation 
practice there some unavoidable error involved 
cutting out these two areas (when unstimulated). few our earlier 
excisions included far too little, was determined later, and have been 
obliged adjust those figures (in parentheses tables and conform 
with the larger area which soon found more proper remove. For 
special convenience the weight single crop-gland (half the sum the 
two) was used connection with tables and the discussion which 
follows the sum the weights the two glands isused. 
(unstimulated) crop-glands larger perhaps per cent than those im- 
mature birds. 

Response crop-gland prolactin with variable time 
lactin preparation no. was injected once daily the quantities indicated 
figure into the large breast muscles mature ring doves (12 
months old). The birds were killed after varying number injections 
and their crop-glands weighed. The points plotted represent the crop- 
gland weights the individual killed the day indicated. Though 
there considerable individual variation the responses obtained, 
plain that the crop-gland reaches its maximum size only after seven days 
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daily injection. After that time (about days) will progressively de- 
crease size. The maximum weight both glands ring doves 
roughly 3,000 mgm. The curves show that 0.25 mgm. per day the par- 
ticular preparation used was sub-minimal dose—the weights obtained are 
within normal limits. Again, mgm. per day (in dose) for days was 
sufficient cause but slight stimulation. Dosage once daily for days 
found suitable for quantitative assay. Divided doses given thrice 


INDIVIDUAL RESPONSE PROLACTIN *34 
VARIABLE DOSAGE TIME 


4.0 


Fig. 


daily give increased response. Prolactin given mouth does not 
elicit the crop-gland response. 

Response crop-gland variable amounts prolactin. Cameron and 
Mackersie (1926) have shown that most biological assays show logarith- 
mic relation between stimulus (dose) and effect. was expected 
therefore that when the logarithm the dosage prolactin plotted 
against the crop-gland weights, the points will fall along straight line. 
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Such method treatment requires exact information the unstimu- 
lated control weight order percentage increase weight; 
nor necessary know the maximum weight obtainable order 
calculate the percentage maximum effect. These considerations are 
favorable the present case since both the control and maximum weights 
the crop-gland are somewhat arbitrary undeterminable. 


INDIVIDUAL RESPONSE IMMATURE DOVES 
PROLACTIN 


BODY 


a 
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CONTROL 


150 


Fig. 


Figure shows individual data for doves, 2.8 3.3 months old, in- 
jected once daily four successive days with equal doses prolactin each 
day, and killed the fifth day (96 hours). The dosage milligrams 
the total amount received during the 4-day period. The dosage and the 
crop-gland weights have been corrected for body weight. The equation 
for the line which best fits the data was determined the method least 
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squares, and found indicated. The equation shows that this 
line crosses the zero line for dose theoretical value 375 mgm. for 
the crop-gland. This (375 mgm.) about the average control weight for 
crop-glands and hence may assume that mgm. preparation no. 
the threshold dose. Since the amount the (unstimulated) crop wall 
that represents the crop-gland decided somewhat arbitrarily impossi- 
ble prove that mgm. preparation no. precisely the threshold 
dose. Such method extrapolation the control value seems the best 
means the threshold dose when this desired. 

The slope the line representing the relation between dose and effect 
expected independent the potency the prolactin used; hence, 
repetitions this test with preparation different potency the plotted 
data should fall along line with the same slope. The intercept this 
line with the control value crop-gland weight will differ depending 
whether the preparation more less potent than preparation no. 
preparation selected for the above-stated reasons standard for 
parative assay. interpolation from this line, from table made 
therefrom, the potency any preparation may expressed terms 
milligrams unit prolactin may then defined temporarily 
that amount prolactin which equivalent mgm. our preparation 
no. this being also the threshold dose per 150 grams body weight 
immature doves pigeons. 

The equation relating dose and effect has significance where the dos- 
age below that the threshold; but within the range 700 2000 mgm. 
significant and usable. Comparison with the standard curve permits 
rapid and accurate estimation the potency prolactin preparation, 
though the accuracy the assay will depend upon the number birds 
tested with particular dosage. 

Effect race. The question whether small doves and large pigeons are 
equally usable for assay purposes answered the relationships shown 
figure Ten doves (2.7 3.1 months old) and ten pigeons (2.4 3.0 
months old, and quite different races) were injected with prolactin no. 65. 
The slopes were calculated the method least squares and found 
for the dove data, 775, and for the pigeon data, 755. These can com- 
pared with 795 for the slope the case no. probable error 
these slopes the magnitude 40, that the difference between 
the slopes obtained the two tests expected. The equation the 
line drawn figure was calculated from the combined data. The differ- 
ences between immature doves and immature pigeons therefore disappear 
when the data are calculated the same body weight; and have found 
likewise that control weights the doves and pigeons are 
equal value when calculated the same body weight. 

Effect age. Our data show that group approximately mature 
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birds (6-8 months) any particular response obtained with one-third the 
quantity prolactin required immature birds; fully mature birds (12 
months) this quantity has been found one-fourth that for the young 
birds. Though there this marked difference sensitivity according 
age, find that the response variable dosage the same all ages—a 
fact shown the following test. Ten mature birds that had never incu- 


INDIVIDUAL RESPONSE IMMATURE DOVES PIGEONS 
PROLACTIN *65 
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bated eggs and whose crop-glands therefore had probably never been 
stimulated were injected during 4-day period with prolactin no. 
dosages varying from mgm. The slope the line which best fits 
the data was here found 755. This value indicates that, despite the 
fact that times much prolactin necessary for response the 
immature the mature bird, the range usefulness the constant 
for the slope representing the relationship dose effect knows age 
limits. 
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Stability prolactin. few tests have been carried out which pro- 
lactin was heated for one hour boiling water various concentrations 
acid and alkali the absence salt. When acid 1.5 and alkaline 
9.0 complete destruction 3.0 only about per cent 
was destroyed. the region less stable than 3.0. 
the narrow range 7.5 8.5 little destruction was detected. 
The presence NaCl increases the rate destruction 8.0. These 
results indicate high degree thermal stability prolactin weakly 
alkaline solution. 

Discussion. Having convinced ourselves the existence prolactin 
separate anterior lobe hormone are greatly impressed with the 
results our tests for gonad-stimulating and prolactin hormones the 
numerous and varied preparations hitherto described others. have 
not been able thus test quite all the preparations described the 
literature; and, conserve space, only about half those examined have 
been recorded tables and think that this prolonged study has 
made certain that nearly not quite all the now available prepara- 
tions made for particular hormone response, are contaminated with 
least one the two other now known hormones (growth, gonad-stimulat- 
ing, prolactin). All our assays further include data for weight changes 
thyroid, liver and some other organs. 

Among the gonad-stimulating (maturity promoting) preparations only 
antuitrin (commercial) and those Fevold, Hisaw and Leonard are found 
free easily detectable amounts prolactin; the last-named prep- 
arations are also exceptional that they not cause thyroid enlargement 
The presence absence growth hormone any gonad- 
stimulating extract most difficult determine, since intact injected 
animal’s loss weight may derive from the thyroid-stimulating action 
these preparations; and, gain weight hypophysectomized test ani- 
mals—with deficient thyroid activity—may conceivably result from this 
same thyroid-stimulating action. The prolactin content the centrifuged 
saline extract Schockaert (1931) times that this same extract 
after filtration through hard filter paper. The “luteinizing ob- 
tained Fevold, Hisaw and Leonard, and probably that Reiss, Selye 
and Balint, are clearly mixtures gonad-stimulating and prolactin hor- 
mones—with the just-noted uncertainty their growth hormone con- 
tent. The known extent contamination several currently used growth 
hormone preparations has already been stressed. 

Effects responses—non-physiological pathological—which are 
specific anterior pituitary hormone are probably induced the 
simultaneous administration two more potent principles which never 
normally coexist such high concentration the blood (Riddle, 1933). 
both physiology and medicine also important that studies 
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made the extent which the specific normal and physiological response 
one these hormones influenced the simultaneous presence un- 
usual amounts another. Almost quite without exception ad- 
mixtures anterior lobe hormones that our needles hitherto have released 
our experimental animals. Our own chief interest the results re- 
ported here centers upon the assistance they bring this larger task 
isolating, purifying and determining the interactions the various anterior 
pituitary hormones. 


SUMMARY 


The effective stimulus milk secretion the prepared mammary gland 
neither the growth nor the gonad-stimulating (maturity) pituitary prin- 
ciple. This stimulus provided hitherto unidentified 
tuitary hormone for which the name proposed. 

The effective stimulus specific enlargement and functioning 
formation) the crop-gland doves and pigeons neither the 
growth nor the gonad-stimulating (and thyroid-stimulating) pituitary prin- 
ciple; neither obtained detectable quantity from other tissues 
fluids than the anterior pituitary. This stimulus provided the same 
anterior pituitary hormone which excites lactation mammals. 

Other actions this hormone are present unknown. The 
hormone shown effective after castration hypophysectomy. 
Prolactin has specific power enlarge thyroids doves and pigeons. 

Prolactin can prepared from beef, sheep and hog anterior lobes 
either acid alkaline extraction followed procedures described this 
paper. can made quite free gonad-stimulating and thyroid-stim- 
ulating action, and probably largely free active growth hormone. Other 
apparently inert substance doubtless present with the hormone now 
prepared since 0.2 mgm. the minimal quantity capable giving definite 
response. 

Qualitative assays currently used pituitary preparations have shown 
that almost quite without exception they are mixtures two three 
hormones. prolactin content indicated; and many preparations 
thought free gonad-stimulating principle are shown our more 
sensitive test animals contain it. 

method preparing the gonad-stimulating hormone free prolactin 
incidentally described. 

method for the quantitative assay prolactin based the crop- 
gland response presented. 
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During the last eight ten years there have been described several 
kinds variation the white cell count man, all characterized their 
being due redistribution leucocytes rather than actual pro- 
duction destruction cells. 

Sabin, Cunningham, Doan and Kindwall (1925), Shaw (1927), Garrey 
and Butler (1932) and Martin (1932), have all described rise the white 
cell count which the afternoon. This although 
not invariable its (Ponder, Saslow and Schweizer, 1932) 
least real phenomenon, for which there yet sufficient explanation. 

Sabin, Cunningham, Doan and Kindwall (1925), Shaw (1927) and 
Smith and McDowell (1929) also describe 
“rhythms” more less regular intervals hour so. 
These have been found, however, Martin (1932), and Ponder, 
Saslow and have shown them due errors white cell counting. 
such errors are avoided allowed for, the become exceed- 
ingly small, although they still appear detectable 
only statistical methods). 

Garrey (1929) describes variations which are supposed result from 
any change physical even mental exertion, and which are not unlike 
the well known changes the white cell count which occur after severe 
exercise, except that they are smaller and more frequent. Because these 
variations Garrey finds necessary define for the count 
the resting subject, this being lower than counts taken during even mild 
activity. believes that eount over 7000 per evidence 
mental physical unrest and that all “‘basal lie between the limits 
5000 and 7000. Martin (1932) has confirmed Garrey’s results experi- 
ments hospital patients. These subjects, although lying bed all day, 
show variations the white cell count depending the degree unrest. 
But Ponder, Saslow and (1932) were unable show any constant and 
significant difference between the counts subjects rest and during 
mild activity, and could not confirm Garrey’s results either subjects 
who had rested one hour those who had rested for eight hours. The 
number cases which observed, however, was small, and this paper 
devoted more extensive investigation the facts. 
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The subjects Garrey’s experiments usually rested for 
hour two the course the day. difficult certain that such 
persons are state physical and mental relaxation and, furthermore, 
true “basal more likely reached after prolonged period 
rest than after short one; accordingly proceeded the follow- 
ing way. 

have taken blood from fifty persons both sexes who had just awak- 


TABLE 
| 
DIFFER- DIFFER- 
FIRST 
COUNT 


GROUP 


10,600 9,200 10,000 10,200 
7,700 6,400 
6,400 6,600 
7,000 9,900 9,200 
4,600 
9,200 
8,200 5,300 +17 
9,100 8,100 10,300 +27 


ened from full night’s rest bed. The fifty subjects are divided, for 
purposes analysis, into the following three groups: Those who did not 
awake until the lancet wound had been made. these cases mental and 
physical activity are certainly eliminated disturbing factors. II. Those 
who awakened entered the room. these cases there was physi- 
cal activity, and since the subjects were just awakening there could 
little mental disturbance before the blood was taken. III. Those who 
were awake and had been resting quietly for fifteen minutes three 
quarters hour before took the blood. These subjects were physi- 
cally inactive, but mentally more alert than those II. The sub- 
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jects were, however, accustomed having their blood drawn and were not 
the least perturbed. 

The second sample blood was drawn after the subject had been for 
over hour, having dressed, eaten, and walked about. 

Samples were withdrawn from the finger the usual way. Approxi- 
mately 800 cells (all squares two sides counting chamber) were 
counted for each determination. The limit accuracy the method 
was taken per cent, differences greater than this being regarded 
significant (see Ponder, Saslow and Schweizer, 1932). The results are given 
table 


CONCLUSIONS 


the fifty subjects, show significant difference the two counts, 
while show increase and show decrease upon activity. The three 
groups into which have divided the subjects show differences from 
each other. The white cell counts taken subjects before rising did not 
all fall into the range between 5000 and 7000; fact, counts low 4700 
and high 11500 were found. Similarly, during activity the counts 
ranged from 3500 11500. The existence and extent this variation 
not all support Garrey’s contention that there 
which relatively constant for all resting individuals, and shows that mild 
activity has constant effect the count, although, well known, 
severe exercise may cause the number leucocytes rise three four 
times the normal figure. 


SUMMARY 


White cell counts were made subjects while rest (lying bed 
after night’s sleep) and during mild activity (leisurely walking, etc.). 
The existence “basal described Garrey not confirmed. 
subjects rest, counts between 4700 and 11500 were obtained, while 
the counts during activity varied between 3500 and 11500. The counts 
taken during activity were not uniformly higher than those obtained dur- 
ing complete rest, and just frequently both counts were substantially 
the same, the count during activity was lower than that during com- 
plete rest. 
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THE MODE ACTION SECRETAGOGUES (LIVER EX- 
TRACT) PROMOTING GASTRIC SECRETION! 

From the Department Physiology and Pharmacology, Northwestern University 
Medical School 

Received for publication April 24, 1933 

That secretagogues present food, resulting from the digestion 
food, stimulate gastric secretion being applied directly the gastric 
mucosa established, but how they produce this effect not known. The 
same true when solutions containing secretagogues are introduced into 
the intestine. order determine whether secretagogues may stimulate 
gastric secretion after being absorbed into the blood, numerous investi- 
gators have injected parenterally various known secretagogue prepara- 
tions with the result that the glands are frequently stimulated. 
However, such extracts have not been shown free, according the 
information available, histamine, vasodepressor and toxic substances; 
and hence the physiologic meaning the results observed may ques- 
tioned. Neither has been shown that the active principles secre- 
tagogue preparations are absorbable moieties and are actually absorbed 
such when the stomach intestine. 
method having been found whereby the vasodepressor substances 


certain secretagogue preparations might removed, was decided 
investigate the action vasodepressor-free preparations administered 
various routes. this study, vasodepressor-free liver (fraction 
Cohn al., 1927) and meat extract were used. Three types animal 
preparations were employed, namely, dogs with pouch the entire 
stomach and duodeno-esophageal anastomosis and the vagi sectioned, 
Pavlov pouch dogs, and gastrostomized Thiry fistula dogs with vagi 
intact. 

METHODS EMPLOYED THE PREPARATION THE LIVER EXTRACT, THE 
MEAT EXTRACT, AND THE BLOOD FED AND UNFED DOGS. The 
liver extract used for parenteral administration and for local application 
the gastric and intestinal mucosa was prepared according the method 
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Cohn and Minot (1927) and the method Castle and Taylor (1931). 
The liver extract was prepared from fresh liver, and from commercial liver 
extract (Liver Extract 343, Lilly), but chiefly from the latter. When the 
amount the liver extract given grams, used the no. 343 powder 
(Eli Lilly), but when the amount given cubic centimeters, used 
no. 343 solution. 

Liver extract prepared Eli Lilly Company (no. 343) contains 
appreciable amount vasodilatin which was tested the blood pressure 
reaction dogs, anesthetized with barbital and nembutal (Abbott). 
The vasodilatin was removed from the extract treating with 
reagent, which was found remove all the vasodilatin, follows: Four 
and two-tenths grams the commercial liver extract Lilly Com- 
pany, no. 343, 4.2 grams equivalent 100 grams raw liver) were dissolved 
distilled water and shaken with grams Lloyd’s reagent, 
which had been washed thoroughly with distilled water. The mixture was 
filtered and the “Lloyd’s was washed with 100 ce. distilled 
water until the wash water filtrate was colorless. The filtrate with 
washings was evaporated vacuo the original volume (50 
filtrate was tested each time for vasodilatin anesthetized dogs and 
neither nor cc. intravenously caused fall blood pressure, 
slight rise usually resulting. This treatment when performed properly 
does not decrease appreciably the secretagogue action when tested 
application entire stomach pouch (table batch vaso- 
depressor-free extract was assayed perfusion through 
pouch for secretagogue content ascertain had lost secretagogue 
activity treatment before was used for parenteral administration. 
Liebig’s meat extract (Lemco) was treated the same way remove the 
vasodepressor substance, but grams Lloyd’s reagent for gram 
Liebig’s extract were required. our studies dissolved either grams 
grams the meat extract water. This treatment did 
not decrease appreciably the secretagogue value, when tested applica- 
tion entire stomach pouch. 

The blood (500 ce. 1000 from fed and unfed dogs was treated 
the method Cohn and Minot (1927) employed making fraction 
“G” from fresh liver extract, except that acid was not used the process, 
after coagulating the blood protein with heat and washing the coagu- 
lum thoroughly with distilled water, the per cent aleohol soluble but 
per cent alcohol insoluble fraction was used, the other fractions being 
proved not contain much secretagogue activity (vide infra). 

Beta-hydroxyproline, obtained from Professor Rose the University 
Illinois, was also studied. 

Other necessary details methods will given under the heading the 
different types experiments performed. Psychic excitation was avoided, 
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except the subcutaneous and intraperitoneal injections where the 
material injected produced slight irritation temporarily. 


TABLE 
Secretagogue assay the original and vasodepressor-free liver extract when applied 
gastric mucosa. Entire stomach pouch dog (Ajaz) 


PERIOD TIME VOLUME | FREE HCl Tota, HCl output HCl 


per cent per cent mgm. 
Control 12:00 

2:30 0.109 0.173 

1:00 0.082 0.127 

1:30 0.018 0.054 

Total 

Average 


Original liver extract (Amp. cc.) aq. ad. 50.0 


Lavage 1:30 50.0 0.155 
Return 62.0 0.218 


After effect 0.391 

0.410 21.320 
0.255 16.575 
156.551 
—15.352 
Corrected value 


0.273 7.098 


Control 
1.640 
| 
| 


0.136 
Total 12.138 
Average 

Vasodepressor-free liver extract (Amp. 343, 10.0 cc.) aq. ad. ce. 


Lavage 5:00 50.0 0.091 


Return 5:30 61.0 0.159 51.490 


After effect 6:00 0.309 0.364 868 
6:30 0.364 0.401 31.271 

7:00 0.401 18.446 

—16.184 


Corrected value 


METHODS AND Liver extract. Pouch the entire stomach. 
Application the original and vasodepressor-free liver extract stomach 
pouch: obtain the secretagogue value the original and vasodepressor- 
free liver extract, solution was perfused through the entire stomach 
pouch. Before perfusion, the animals were fasted eighteen hours and the 
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basal secretion was collected for several half-hour periods before each 
experiment. While the solution tested for secretagogue value was 
being perfused through the pouch the entire stomach, the animal was 
kept lying table, otherwise was kept standing. The acidity the 
solution perfused was determined titration before and after per- 
fusion, using dimethylaminoazobenzine and phenolphthalein indicators. 
The acid output was calculated milligrams. The analysis the gastric 
juice secreted during the pre- and post-perfusion periods was carried out 
the same manner. The acidity and volume the secretion only were 
determined. For arriving the secretory response the secre- 
tagogue preparation, totaled the hydrochloric acid output during four 
half-hour periods including the half-hour period application the 
secretagogue solution. This time period was chosen because was found 
that the stimulating action the secretagogue solution frequently dis- 
appeared one and one-half hours after completion the perfusion. From 
the above total subtracted four times the average output for the three 
half-hour control periods. 

The data table show the results typical experiment which the 
original and vasodepressor-free liver extract are seen have approximately 
the same stimulating effect gastric secretion. The histamine vaso- 
depressor content the original liver extract was apparently too small 
influence appreciably the secretagogue action when applied the gastric 
mucosa. This experiment was repeated many times the course this 
and other work. The response the same extract varies about 
per cent from day day even under the same 
day. 

Introduction original and vasodepressor-free liver extract into the intes- 
tine: Four and two-tenths grams no. 343 powder, equivalent 100 grams 
liver) the original and vasodepressor-free extract water 
were given stomach tube dogs with pouch the entire stomach. 
This passed directly into the intestine the animal. Because known 
that secretagogues acting the intestine stimulate gastric secretion after 
longer latent period than when applied directly the stomach, the 
secretion the stomach pouch was followed for longer period than the 
preceding experiments. Three half-hour periods basal secretion were 
collected for controls. After administration the extract, the secretion 
was collected half-hour intervals until had returned normal, which 

yas about five hours. 

The data table show that the original extract was more effective 
than the vasodepressor-free extract stimulating gastric secretion, when 
acting via the intestine. The latent period from one two hours and 
the continuous secretion were almost the same with both extracts. This 
experiment was repeated three times. explanation this difference 
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not clear. However, the same difference occurred Pavlov pouch dogs 
vide infra. 


TABLE 


The effect original and vasodepressor liver extract being introduced into intestine. 
Entire stomach pouch dog 


} 
ce. | per cent per cent | mgm. 
Control 9:30 
10:00 3.0 0.036 1.080 
10:30 0.5 0.036 0.180 
11:00 0.4 0.018 0.072 
Original liver extract 4.2 grams aq. ad. 30.0 cc. given stomach tube 
11:00 a.m. 
12:00 3.0 0.027 0.810 
12:30 4.2 0.027 0.091 3.822 
1:00 5.5 0.136 0.182 
2:00 6.3 0.200 14.364 
2:30 9.2 0.164 0.218 
3:00 2.2 0.118 0.182 4.004 
3:30 1.5 0.100 0.155 2.325 
4:00 0.073 0.118 2.950 
70.286 
Control 12:00 
1:00 12.5 0.009 1.125 
1:30 2.3 0.009 0.207 


Vasodepressor-free liver extract *343. 4.2 gm. aq. ad. 30.0 cc. given stom- 
ach tube 1:30 p.m. 


After effect 4.4 0.009 0.396 
2:30 6.5 0.009 0.585 
3:00 9.7 0.009 0.883 
3:30 6.3 0.127 0.155 9.765 
4:00 1.6 0.145 0.182 2.912 
4:30 4.8 0.036 0.073 3.504 
5:00 8.7 0.009 0.045 3.915 
5.6 0.119 0.164 9.184 

2.0 0.127 0.164 3.280 


Intravenous administration original and vasodepressor-free liver extract: 
These experiments were conducted were those which the secretagogue 
solution was applied the pouch the entire stomach. The same dogs 
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TABLE 3 
The effect the original and vasodepressor-free liver extract when given 


PERIOD | TIME VOLUME HCl totat HCl output HCl 


Entire stomach pouch dog (Doris) 


| ce. | per cent per cent mgm 


Original liver extract (Amp. #343, 10.0 Normal saline ad. 
travenous injection minutes 


Injection 3:00 29.5 0.346 0.382 102.690 
4:00 10.5 37.275 
869 
Control 12:00 
1:00 0.063 0.118 496 


Vadodepressor-free liver extract (Amp. #343, Normal saline ad. 


Injection 2:00 11.5 0.255 32.430 
After effect 2:30 12.3 0.328 
3:00 4.8 0.091 0.182 8.736 
3:30 5.0 0.018 0.073 
Pavlov pouch dog 
Control 3:00 
3:30 0.4 0.048 0.180 


Original liver extract (Amp. Normal saline ad. 30.0 
travenous injection minutes 


Injection 4:30 11.0 0.319 0.355 
After effect 5:00 2.0 0.364 8.020 
5:30 0.4 0.118 0.656 

Control 3:30 
4:00 1.8 0.173 3.114 
4:30 1.3 0.018 0.155 2.015 
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TABLE 3—Concluded 


PERIOD TIME VOLUME HCl HCl HCl 


Vasodepressor-free liver extract (Amp. #343, 10.0 Normal saline ad. 
30.0 Intravenous injection minutes 


ec. | per cent | per cent mgm. 
Injection 5:00 4.0 0.136 0.218 8.752 
After effect 5:30 3.0 0.136 6.840 
17.580 


were used, the only difference being that the secretagogue solution was 
injected intravenously. One-half vial (10 ec. no. 343 solution, equivalent 
grams liver) the original and vasodepressor-free liver extract 
normal saline was injected slowly over period twenty thirty 
minutes. each instance, the extract was tested for content 
order control this factor. The vasodepressor activity the original 
extract was quite constant (we had large supply) and our method 
treatment uniformly removed all the vasodepressor activity. toxic 
reactions were observed from the intravenous injections. 

The data table show that the original extract given intravenously was 
least three times more effective stimulating gastric secretion than was 
the vasodepressor-free extract, and that the same volume isotonic 
sodium chloride without effect. (This experiment was repeated ten 
times.) This was expected because histamine given slowly intra- 
venously stimulates secretion (Ivy and Javois, 1925a). Hence, 
with the original extract, one obtains the additive effect histamine and 
secretagogues. This experiment proves conclusively that vasodepressor- 
free liver extract containing secretagogues given slowly 
lates gastric secretion. 

Intraperitoneal and subcutaneous injection vasodepressor-free liver ex- 
tract: The vasodepressor-free extract was administered intraperitoneally 
and subcutaneously. The same amounts given intravenously were used. 
The secretion was collected for five half-hour periods and analyzed pre- 
viously described. 

The data show that the gastric glands were excited the intraperi- 
toneal injection. This did not always occur. definitely positive re- 
sponse was obtained only two out six experiments. The subcutaneous 
injection instance stimulated gastric secretion (three experiments). 
This variation can explained only, believe, being due variation 
the rate absorption, since each extract was assayed for histamine 
the blood pressure method. 
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Pavlov pouch dogs. Administration the original and vasodepressor-free 
liver extract stomach tube: Either 4.2 8.4 grams (no. 343 powder) 

the original and vasodepressor-free liver extract cc. water were 

given stomach tube. Three half-hour periods basal secretion were 

collected for control before the administration the extract, and the 

secretion was then collected until had returned normal. The 

pouch dogs employed had large, non-refractory pouches. 

The data show that the gastric glands were stimulated slightly both 
the original and vasodepressor-free extract, the former causing slightly 
greater stimulation. The latent period the vasodepressor-free extract 
was one hour, while the other was only one-half hour with dose 4.2 
grams. When the dose extract was doubled, the stimulation was quite 
definite. 

Intravenous administration the original and vasodepressor-free liver 
extract: The methods and dosage used were the same described above 
for the administration the extract intravenously the entire stomach 
pouch animals. 

The data show (table that the gastric glands were excited both the 
original and the vasodepressor-free extracts, but the original extract was 
almost three times more effective stimulating gastric secretion than was 
the vasodepressor-free extract. Four experiments were performed with 
both extracts. 

Intraperitoneal and subcutaneous injection the vasodepressor-free 
tract: The dose and amount fluid employed were the same described 
for the intravenous administration and were administered described 
above for the entire stomach pouch dogs. 

The data show that the gastric glands were stimulated slightly in- 
traperitoneal injection only one six experiments. The subcutaneous 
injections (three experiments) had effect gastric secretion. The 
intraperitoneal administration did not cause great stimulation 
did the intravenous injection. 

Gastrostomy and Thiry fistula animals with vagi intact. Introduction 
the original and vasodepressor-free liver extract into the Thiry fistula: Four 
and two-tenths grams (one vial no. 343) the original and vasodepressor- 
free liver extract water were introduced into the Thiry fistula 

(jejunal loop fifteen inches long) and retained there throughout the experi- 
ment. Three half-hour periods basal secretion were collected for 
control before introduction the extract into the Thiry fistula. The secre- 
tion was then collected until had returned normal. The animal was 
kept rack and quiet place avoid stimulation. Other- 
wise the procedure was the same that noted above. 

The data table show that the original extract (three experiments) 
was more effective stimulating secretion than was the vasodepres- 
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The effect the original and vasodepressor-free liver extract gastric secretion when 
introduced into Thiry fistula dog with gastrostomy 


FREE 


PERIOD TIME HCl 


VOLUME 


Control 


9:30 
10:00 


Original liver extract (#343, 4.2 gm. aq. qd. 


per cent 


Gastrostomy and Thiry fistula dog 


TOTAL 


per cent 


0.018 
0.013 
0.013 


11:00 a.m. 


After effect 11:30 2.4 
12:00 0.7 
12:30 1.0 
1:00 2:7 
1:30 4.0 
2:00 7.5 0.054 
2:30 7.0 0.155 
3:00 8.5 0.118 
3:30 10.8 0.145 
4:00 17.5 0.228 
4:30 14.8 0.291 
5:00 8.5 0.319 
5:30 1.5 0.182 
6:60 1.6 0.091 


Control 


0.5 0.018 
11:30 0.3 0.018 
0.5 


Control 


0.246 
0.127 
0.063 


0.027 
0.045 
0.054 
0.045 
0.018 
0.091 
0.209 
0.209 
0.255 
0.373 


0.045 


0.437 
0.446 
0.319 
0.200 


0.073 
0.082 
0.300 


0.337 
0.218 


Vasodepressor-free liver extract 343, 4.2 gm. 


0.155 


REMARKS 


mgm. 


Introduced into Thiry fistula 


0.648 
0.315 
0.540 
1.215 
0.720 
6.825 
14.630 


Bile regurgitation 
Bile regurgitation 


65.275 


Introduced into 


Thiry fistula 1:00 p.m. 


| 
| 


After effect 1:30 1.1 
2:00 0.5 
2:30 0.5 
3:00 2.0 
3:30 0.155 
4:00 1.8 0.145 
4:30 1.0 0.027 
0.5 


0.045 
0.018 
0.018 


0.209 


0.209 
0.091 


bile regurgitated 


Ww 

37.910 

4.785 

0.365 
0.246 

1.500 

0.495 

0.090 

0.090 

3.762 

0.910 

0.225 
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sor-free extract (three experiments). However, the latent period (two 
hours) was approximately the same for both. The stimulation occurred 
uniformly. some instances regurgitation bile into the stomach 
such cases the regurgitation bile into the stomach may 
some unknown way augment the secretory response. When bile 
fused through the pouch the entire stomach, have found that only 
slight stimulation results. 

When the original liver extract was introduced into the Thiry fistula and 
then withdrawn after thirty minutes, sixty minutes, the gastric glands 
were not stimulated. But the liver extract remained the loop in- 
testine for two hours before was withdrawn, the gastric glands were 
stimulated appreciably. This indicates that the intestinal phase gastric 
secretion excited the introduction secretagogues into Thiry fistula 
can hardly explained due secretory reflex hormone. more 
likely that they act being absorbed and that the long latent period isdue 
either the possibility that the liver extract must changed some 
extent the enzymes intestinal juice, that because slow absorp- 
tion takes long time for threshold dose absorbed. 

Liebig’s meat extract. was found that the gastric secretagogue po- 
tency meat extracts varies. Hence the same meat extract known 
potency was used the following experiments. 

Pouch the entire stomach. Application the original and vasodepres- 


sor-free meat extract the stomach pouch: Five grams the original and 
vasodepressor-free meat extract (Lemco) ec. water were applied 
the stomach. 

The data show that gastric response was obtained both cases, but 
the stimulation secretion was less than that obtained the adminis- 
tration liver extract. The experiments were repeated twice both 


cases. 

Intravenous administration vasodepressor-free meat extract (the original 
was too use): Ten grams the vasodepressor-free Liebig’s meat 
extract distilled water were injected intravenously over period 
twenty thirty minutes. The data show that the glands were 
excited, but the secretory response was less than that the vasodepressor- 
free liver extract. These experiments were controlled injecting solu- 
tion containing the same sodium chloride that found 
chemical assay the meat extract solution. 

Pavlov pouch dogs. The administration the original and vasodepressor- 
free Liebig’s meat extract: Five ten grams the original and vasodepres- 
sor-free extract water were administered stomach tube. 

The data show that gastric secretion was stimulated slightly the 
administration these extracts. However, the response the vaso- 
depressor-free extract was slight questionable. The latent 
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period was thirty minutes for the original and one hour for the 
vasodepressor-free extract. The stimulation was slight that the experi- 
ments were repeated using grams the meat extract. The larger dose 
vasodepressor-free extract stimulated secretion definitely. 

Intravenous administration vasodepressor-free Liebig’s meat extract: 
The method used was that described above for similar administration 
entire stomach pouch dogs. 

The data show that gastric secretion was stimulated the intravenous 
injections vasodepressor-free meat extract. However, the secretory 
response was less than for the vasodepressor-free liver extract. 

Unfed and fed dog’s blood extract. Pouch the entire stomach. Ap- 
plication the extract the blood unfed dogs: The extract was prepared 
that were approximately equivalent either 500 cc. 1000 ce. 
blood. The perfusion this material was carried out the same man- 
ner described for perfusion the liver extract. 

The data obtained show that the perfusion the four fractions blood 
extract prepared from “unfed” blood, that is, per cent alcohol solu- 
ble; per cent alcohol insoluble; per cent alcohol soluble, and 
per cent alcohol insoluble fraction (fraction had either effect 
questionable one gastric secretion. However, worthy note 
that the ninety-five per cent alcohol soluble fraction from 1000 ec. blood 
stimulated mucous secretion. 

Application the extract the blood fed dogs: Blood was taken from 
the dogs four five hours after the feeding meal lean meat. 

The data table show that the per cent alcohol insoluble fraction 
from 500 cc. fed blood did apparently stimulate secretion. The 
results were variable was also true when the extract from 1000 
blood was used. 

Our conclusion from these experiments that there sufficient amount 
secretagogues the total circulating blood volume fed dogs stimu- 
late gastric secretion some instances, but not all. 

Lymph. was collected from the duct anesthetized 
and unanesthetized dogs magnesium cannula was used) for three four 
hours after feeding meal meat. Fifty cubic centimeter quantities 
this lymph were injected slowly intravenously perfused through the 
pouch the entire stomach without stimulating the gastric glands. These 
results show that lymph collected during the digestion meat does not 
contain threshold dose secretagogues the quantities used (Feng, 
Hou and Lim, 1929). 

Beta-hydroxyproline. Beta-hydroxyproline was used because was 
thought that since constituent liver extract, might have some 
secretagogue value, and since had not been tried Ivy and Javois 
(1925b) their studies the secretagogue action amino acids. 
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TABLE 
Application fed dog’s blood extract gastric mucosa 


Entire stomach pouch dog (Ajax) 


ce. per cent 


Control 


Blood extract, per cent alcohol insoluble fraction (fraction (equivalent 
500.0 blood) 
Lavage 


After effect 0.136 
0.110 
0.110 


2.720 
0.018 0.073 2.920 


Control 


Blood extract, per cent soluble fraction (equivalent 1000.00 blood) 


0.018 Mucus 
0.013 0.910 Mucus 


Control 
5.7 0.027 0.082 4.674 


Blood extract, per cent alcohol insoluble (fraction from 500 cc. Fed 
blood 


246 


54.830 


231 
per cent mgm 
| 
11:30 
2.5 0.110 2.750 
q | 
7.888 
7 | | 4 
28.948 
| | | | 
| | 
| | | 
| | | | 
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tenths gram beta-hydroxyproline was dissolved ec. water and 
perfused through the stomach animals with pouch the entire 
stomach. Also five-tenths gram was dissolved cc. normal saline 
and injected intravenously into the Pavlov pouch dogs over period 
twenty thirty minutes. 

The data obtained show that the gastric glands were not stimulated 
either direct contact with the gastric mucosa the intravenous 
administration. 

Atropine. The effect atropine the action the secretagogues 
liver extract was studied injecting mgm. the drug subcutane- 
ously one-half one hour before administration the vasodepressor-free 
The original liver extract was not used because contained 
histamine, and has been definitely established that large doses atropine 
are required abolish the action histamine the gastric glands. 

The data demonstrated decisively that atropine sulphate prevented 
the secretagogues from stimulating gastric secretion when applied the 
gastric mucosa and when injected intravenously. 

Repeated and prolonged application liver extract the pouch the entire 
stomach. Repeated application the liver extract the pouch the 
entire stomach was done ascertain whether the secretagogues were 
acting being absorbed otherwise. one series experiments, the 
same solution extract was applied repeatedly. second series, fresh 
solutions the extract were applied repeatedly. The same dog was used 
all these experiments order obtain comparable results (the same dog 
under basal conditions does not vary more than per cent), since different 
dogs vary (25 per cent) their response. The data obtained show 
that the repeated application the same solution the extract does not 
lead always decrease the response. Although decrease response 
occurred some, but not all experiments, cannot for the 
basis absorption, view the relatively large amount the secreta- 
gogue solution that must injected intravenously (vide stimu- 
late gastric secretion, and also view the fact (table that such ex- 
periments third application the solution the same day gave the same 
response the fourth application. The decrease the response the 
second application, when occurred, might due increase the 
refractoriness, the threshold some local mechanism. This possi- 
bility not true since the phenomenon did not occur when fresh solution 
liver extract was applied each time. 

Another possibility must considered, namely, that digestion the 
liver extract solution may occur during the perfusion and decrease the 
secretagogue value. This possibility was not considered likely because 
established that gastric digestion enhances the secretagogue value raw 
cooked foods. found that the predigestion raw liver the fresh 
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TABLE 6 
Effi cl of re pe ated pe rfusion of pouch of entire stomach with 
solution 


Entire stomach pouch dog (Ajax) 


| per cent per cent 

Control 10:00 

10:30 2.4 0.082 0.127 2.921 
11:00 0.045 2.475 
11:30 0.063 575 


ad. 50.0 ce. water 


After 12:30 16.4 0.337 0.401 764 


| 


0.155 0.209 032 


5.526 

Control 0.191 0.237 
0.182 594 

0.127 

0.045 0.091 5.460 


Repeat 


0.300 346 


0.136 191 
0.127 
0.054 100 
Repeat 
Return 83. 364 


After effect 9:00 16.4 0.273 0.355 58.2: 
0.309 0.355 20.5 
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Liver extract 343, 4.2 grams aq. 
| | : 
34.140 
6.494 
3.460 


TABLE 6—Concluded 


PERIOD 


VOLUME 


TOTAL 
HCl 


OUTPUT 
HCl 


REMARKS 


Control 


Lavage 
Return 


After effect 


0.173 


0.091 


0.273 
0.373 
0.346 


per cent 
| 


0.291 
0.200 
0.228 
0.218 


Repeat 


0.364 


0.410 
0.382 


mgm. 

11.640 


25.110) 


133.279 mgm. HCl 


158. 


aqueous extract raw liver with dog’s juice enhanced its secreta- 
gogue value. However, when the prepared liver extract (fraction 
no. 343) was digested with large quantity juice (4.2 gm. 
liver extract, no. 343, were digested with from ce. dog’s gastric 
juice high acidity, free acidity 0.3 per cent, 39°C. for one-half hour 
more, the digest being neutralized litmus before perfusion through the 
stomach) even for one-half hour, the secretagogue value sometimes 
reduced appreciably. (In this connection should pointed out that 
ce. quantities neutralized gastric juice are inert; but not neutral- 
ized, cause neutralizing mucoid secretion occur.) 

The observed facts, chiefly the fact that the same fresh solutions 
liver extract may applied repeatedly the stomach mucosa, and the 
same response obtained each time some experiments, indicate quite 
positively that secretagogues not act the stomach being absorbed, 
but aet causing hormone produced exciting local nervous 
mechanism. either case, pointed out above, atropine paralyzes the 
mechanism. 

was thought that the solution were applied the pouch 
the entire stomach for longer period than half-hour, data might 
obtained which would throw some light the interpretation how the 
secretagogues act the stomach stimulate secretion. Accordingly, 
series experiments were performed which the standard liver extract 
was applied for 30, and and 120 minutes. typical result shown 
and treated that one may see the total output for the period 
application the secretagogue stimulus and also for the three half-hour 
periods after withdrawal the secretagogue stimulus. analysis 


ce, | percent q 


TABLE 
Effect repeated perfusion the pouch the entire stomach with liver extract which 
the length period application was increased each succeeding application 


Entire stomach pouch dog (Ajax) 


— FREE TOTAL OUTPUT 
PERIOD VOLUME HCl HCl HCl REMARKS 


per cent per cent mgm 


Control 11:30 
12:00 0.036 0.082 2.050 
12:30 0.036 1.440 


Liver extract 4.2 grams aq. ad. 50.0 water 


Lavage 1:00 50.0 273 minutes’ lavage 
1:30 273 21.840 


After effect 2:00 13.8 0.218 337 
2:30 12.7 0.273 346 43.942 108 214 mgm. 


Control 11:30 
12:00 027 0.648 
12:30 2.6 0.018 


Liver extract *343, 4.2 grams aq. ad. 50.0 water 


Return 2:00 74.0 0.018 0.337 Increment 46.200 mgm. 
HCl 

9.0 0.355 0.391 35.190 112.715 mgm. HCl 


Control 


Liver extract 4.2 grams aq. ad. 50.0 water 


Return 88.0 0.091 0.401 176.880 Increment 114.360 
mgm. HCl 

0.319 5.520 


q 
q 
6:30 5.8 0.291 19.546 
235 


TABLE 7—Con cluded 


FREE 
PERIOD VOLUME 


TOTAL | OUTPUT 
HCl REMARKS 


| 
| percent per cent mgm. 


Control 11:30 


12:00 5.2 0.054 0.091 


12:30 0.063 0.110 
1:00 0.036 0.082 


Liver extract 4.2 grams aq. ad. 50.0 cc. water 


Lavage 1:00 50.0 0.401 120 minutes’ lavage 
mgm. HCl 


| 


38.520> 116.834 mgm. HCl 


9.374 


the acid output during the half-hour periods application 
(tables and the stimulus gives output mgm. hydro- 
acid. analysis the acid output during the suc- 
ceeding three half-hour periods during recovery gives (table out- 
put 120+16 for the recovery period after the withdrawal the 
stimulus. Taking into consideration the variations response that 
may occur occasionally from day day, the variation the hydro- 
acid output during the (the three half-hour 
periods after application) approximately the same irrespective the 
time the stimulus has been applied. This not true, however, 
regard the acid output during the period application 
the stimulus, since table noted that the application 
the stimulus for sixty minutes yielded increment mgm., 
for ninety minutes increment 114 mgm., and for one hundred 
and twenty minutes increment 101 mgm. This shows that during 
the application the stimulus, summation occurs maximum time 
period ninety minutes, and that withdrawal the stimulus, the 
summation effect rather quickly disappears. Unfortunately this observa- 
tion does not assist the explanation how secretagogues effect stimula- 
tion, since this phenomenon cannot said more characteristic 
hormone than nervous action, the absorption stimulating 
substance the secretagogue solution. observation, however, again 
demonstrates the that plays the excitation 
the glands. 

The secretagogue content various liver fractions determined ap- 
plication the entire stomach pouch. The liver fractions were prepared 
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according the method Cohn and Minot (1927) with the exception that 
distilled water was used for the extracting fluid instead acid and the 
the extract was not modified. The various fractions were applied 
the pouch that cc. the extract was equivalent 100 grams 
fresh cow’s liver. Four different fractions were perfused, namely: the 
per cent alcohol soluble fraction, the per cent insoluble 
fraction (the fraction active secondary anemia), the per cent 
soluble fraction, and the per cent insoluble fraction (the fraction 
active pernicious anemia). 

The data show that the fraction soluble per cent and in- 
soluble per cent (fraction contains least two-thirds 
the secretagogue potency whole liver. 

Minimal amount effective local application the pouch 
the entire stomach. determine the minimal amount 
which local application the stomach would excite secretory 
response, extract liver was concentrated chemica! methods that 
800 mgm. solids ec. the extract was equivalent 100 grams 
fresh liver. was found that this extract, which contained only 
100 mgm. solids, being applied (in distilled water) the 
stomach mucosa, were sufficient provoke the formation mgm. 
acid definite stimulation secretion. One 
hundred milligrams solids extracted from liver will excite being 
applied the stomach, but 400 mgm. solids the same extract must 
injected intravenously excite secretion. This again shows that 
secretagogues not act the stomach being absorbed. observa- 
tion also gives some idea the relative potency secretagogues, 
especially since doubt that the secretagogue preparation used free 
substances. Distilled water (50 does not stimulate. 

Since the time Heidenhain, many investigators have 
assumed that certain chemical substances are absorbed from the gastro- 
intestinal tract into the blood stream and stimulate gastric secretion. The 
term secretagogues, which has been applied this group substances, 
generally defined (Ivy, 1930) present food produced 
digestive juices acting either locally, being absorbed into the 

The results our experiments confirm the assumption that the secre- 
tagogues which are present food, which are produced digestion, 
decomposition ingested food, may absorbed from the intestine and 
transported the blood the stomach and stimulate gastric secretion. 
the stomach, however, they act locally without being absorbed. The 
extract from the blood fed dogs contains secretagogues but that from 
unfed dog’s blood does not, according our method extraction. Our 
results indicate that secretagogues are very probably one the humoral 
agents. 
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interesting that the amount vasodilatin one vial liver extract 
(no. 343) and grams Liebig’s meat extract neither sufficient 
stimulate nor manifest definite synergistic action with the vasode- 
pressor-free substances when acting the stomach. However, the original 
liver extract and Liebig’s meat extract, which contain vasodepressor sub- 
stances, are more effective than the vasodepressor-free extracts when given 
mouth entire stomach pouch dogs and Pavlov pouch dogs, and also 
when introduced into Thiry fistula animals with gastrostomy, and when 
administered intravenously all the animals. This might interpreted 
mean that the vasodepressor substances one vial the liver extract 
(no. 343) and grams Liebig’s meat extract act synergistically col- 
lectively with the vasodepressor-free secretagogue substances when ap- 
plied the intestinal mucosa injected intravenously. 

The intensity excitation intraperitoneal injection considerably 
less than intravenous injection. Subcutaneous injection the same 
dosage has effect gastric secretion. Apparently the different response 
obtained from these three modes administration depends the velocity 
absorption. This fact indicates that secretagogues act accumula- 
tive manner excite the gastric glands and that certain threshold within 
given period time must attained order for the circulating secre- 
tagogues excite the gastric glands. This has been suggested for the 
mechanism action histamine and gastrin Ivy, Lim and 
(1925). 

Since vasodepressor-free secretagogue preparations excite gastric secre- 
tion being applied the stomach and injected intravenously, intraperi- 
toneally, and into the jejunum, obvious that secretagogue prepara- 
tions free dilatin may stimulate gastric secretion. This pointed out 
because has been maintained frequently (1920) that the vasodilatin 
was the active constituent secretagogue preparations. This constitutes, 
believe, the first demonstration the excitation the gastric glands 
vasodepressor-free secretagogue preparation. 

Blood extracts prepared from 500 ec. and 1000 blood fed dogs and 
applied the stomach pouch caused stimulation gastric secretion, but 
unfed blood extract did not excite the gastric glands. This indicates that 
certain gastric excitants are absorbed into the blood stream after meal. 
not absolute proof, however, since must checked chemical 
methods for identification. 

exceedingly interesting that fraction liver extract contains 
the larger portion the secretagogues liver, which the most potent 
fraction regard secretagogue activity—more potent than any other 
known food substance, and that this fraction active pernicious anemia 
which anacidity almost always present. Although have made 
attempts identify chemically the secretagogue substances, know 
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that they are precipitated only very slight extent phosphotungstic 
acid from per cent sulphuric acid solution and basic lead acetate 
This indicates that they are rather simple protein substances which are not 
strongly basic. 

The observation that atropine prevents secretagogues from acting, 
matter how they are administered, significant finding, shown 
the following analysis. the dog, atropine (1.0 mgm.) abolishes the 
gastric secretory response meal all its phases, and hence prevents 
even the humoral agents from functioning. But atropine, except very 
large doses, does not affect the gastric secretory response histamine and 
Therefore, either atropine prevents the hormone, 
from being formed, which has been suggested before, not 
the gastric hormone. this connection, interesting that Sacks, Ivy 
al. (1932) recently concluded that either histamine, the 
gastric secretory hormone has never been extracted from gastric mucosa, 
there gastric hormone. this conclusion, the statement might 
added that either are the sole humoral agent, hist- 
amine production the mucosa controlled mechanism 
paralyzed atropine, have yet extract the true gastric hormone. 

CONCLUSIONS 

Vasodepressor-containing and vasodepressor-free liver and meat 
extract (Liebig’s) have approximately the same stimulating action 
secretion when applied the stomach mucosa. 
containing liver and meat extract when given mouth introduced into 
the intestine are more effective than the vasodepressor-free extract 
exciting gastric secretion. the presence small quantity 
vasodilatin secretagogue preparation does not appreciably enhance 
its action the stomach but does the intestine. 

Intravenous injections vasodepressor-containing liver extract are 
more effective promoting secretion than vasodepressor-free 
extract. But vasodepressor-free liver and meat extract stimulate gastric 
secretion This indicates that secretagogues 
may stimulate secretion being absorbed. 

Secretagogues being applied the gastric mucosa not stimu- 
late being absorbed. They act either exciting the formation 
hormone local nervous mechanism, both. Secretagogues 
the stomach manifest accumulative excitatory effect certain 
maximum. 

Secretagogues stimulate gastric secretion application the in- 
testine only after latent period from one two hours. they are 
removed from the intestine during the latent period, stimulation does not 
result. This strongly indicates that secretagogues the intestine act 
primarily being absorbed and accumulative manner. 
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Approximately two-thirds more the secretagogue value fresh 
liver found the seventy per cent alcohol soluble, but ninety-five 
per cent alcohol insoluble fraction. Secretagogues have been obtained 
from the same fraction the blood fed dogs, but are absent from thoracic 
duct lymph during the digestion and absorption meal meat. 

evident that secretagogues may stimulate gastric secretion 
being absorbed, but equivalent amounts are more potent four times 
when acting the stomach than when acting via the blood. hundred 
milligrams extracted solids from liver excite application the 
stomach, 400 mgm. being required intravenously. 

Beta-hydroxyproline does not excite the gastric glands local ap- 
plication the stomach intravenous administration. 

Atropine prevents the action secretagogues when applied locally 
injected intravenously. The significance this fact pointed out. 
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THE EFFECT AMNIOTIN THE BASAL METABOLISM 
RATS AND RABBITS! 


From the Department Anatomy and Physiology, University Kentucky, 
Lexington, Kentucky 


Received for publication April 24, 1933 


number investigations have been reported which indicate that 
follicular hormone has very little effect the basal metabolism. 
most instances data were obtained which showed very small increase 
basal metabolism while other data showed significant effect. With the 
conflicting results published other investigations, was decided ex- 
periment with intact and ovariectomized animals different species, 
namely, the rat and rabbit. 

Laqueur, Hart, and DeJongh (1) reported increase basal metabolic 
rate mice. and Burr (2) reported slight rise the basal 
metabolism women. Kunde, D’Amour, Carlson, and Gustavson (3) 
found change the basal metabolism dogs. King and Patterson 
(4) reported significant effect the basal metabolism. Reiss and 
Pereny (5) were able raise the threshold response oestrin when 
thyroid was given castrate rats. 

EXPERIMENTAL. Fifteen adult rats and fifteen adult rabbits were used 
this investigation. well-balanced diet was used both cases and was 
never varied during the experiment. The animals were kept metab- 
olism room where the temperature was constantly 28°C. and the tests 
were made the same room. 

Marine’s modification the Haldane open circuit apparatus (6) was 
used for determining the basal metabolism. After 18-hour fasting 
period the animals were subjected the basal metabolism test for period 
three hours. found that three-hour period was sufficient iength 
obtain the desired change weight our apparatus for accurate 
weighing. 

Tests were run until constant level metabolism was reached and 
maintained for several days before any results were included our data. 
series normal basal metabolism experiments was run before the ani- 
mals were ovariectomized. After the animals had shown normal activity 
and were considered normal every respect, second series normal 


Amniotin was generously supplied Dr. Morrell Squibb Sons. 
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tests was run order that any change due ovariectomy might deter- 
mined. During the next series basal metabolism determinations, the 
animals were injected with 800 rat units amniotin. When the 


PROTOCOL 1 
Rabbit 14, adult female 


CALORIES 
PER 
KILOGRAM 
PER HOUR 


| | 
| BODY | 
DATE | wercet | R.Q. 


grams 
0.84 Normal healthy animal 
January 10..................| 2,758 0.95 2.59 
February 2,848 0.85 2.92 
February 10........ 2,944 0.87 2.86 
February 17.. 2,879 0.79 3.09 thyroid 
February 21.................| 2,816 0.70 3.76 
February 2,756 0.70 4.21 
March 2,661 0.84 3.62 
March 2,656 0.83 4.33 
April 4.......... 0.92 3.79 
0.86 


,581 0.77 


results seemed significant, the animals were allowed come back nor- 
mal and the process repeated many four times the same animal. 
The heat production presented the protocols, expressed calories 
per kilogram body weight. 
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Protocol presents the results obtained rabbit this animal, 
normal metabolism tests were run for period one month, grains 
thyroid were then given daily for period days increasing 


PROTOCOL 2 
Rat 21, adult female 


CALORIES 

BODY PER 
WEIGHT KILOGRAM 
PER HOUR 


grams | 
November 30............ 185 Normal healthy ani- 
189 5.0 mal 
December 185 
Ovariectomized 
January 182 
February 
February 9........ 184 
February 
February 
February 
February 
February 
February 
February 
February 28.... 
March 2.... 
March 
March 
March 8... 
March 9... 
March 10... 
March 11..... 

tissues 


ogc 


no 


the basal rate about per cent. This thyroid feeding was con- 
tinued and daily injections 100 rat units amniotin were given for 
days. the fourth day amniotin treatment the basal metabolism 
dropped 36.7 per cent. This procedure was repeated and similar results 
were obtained. 
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Rat showed drop basal metabolism 30.9 per cent after being 
injected with rat units amniotin. second drop 18.6 per cent 
after injecting rat units, third drop 32.3 per cent following injection 
rat units, and fourth drop 41.9 per cent after injecting rat 
units. This animal was killed this point for tissue study. 

Discussion. every case, rabbits and rats, were able pro- 
duce drop basal metabolism from per cent following the 
injection from 800 rat units amniotin. The drop from 
days after the amniotin injection had been introduced. were 
able produce these results many four times the same animal 
before killing for tissue study. 

not able show constant respiratory quotient found 
Mitchell and Carman (7). For this reason, respiratory quotients were 
accurately for every experiment. have used for the past 
four years 250 adult rats, and have run more than 2000 tests, and 
time were willing assume the respiratory quotient. 

Since Reiss and Pereny (4) reported higher threshold response 
follicular hormone after feeding castrate animals thyroid substances, 
were the opinion that the ovarian function and the thyroid gland are 
directly indirectly controlled, one the other. With this view one 
our rabbits was put high thyroid diet, nearly lethal dose, and after 
obtaining high basal metabolic rate, the amniotin was injected. This 
animal’s basal rate was not only dropped the normal level 
but was lowered about per cent below the normal range. 

Since were able produce large drop with amniotin, thyroid fed 
animals this phase the experimentation was discontinued, expecting like 
results when thyroid substance was omitted. our data indicate, the 
amniotin must have had some influence upon the thyroid gland but this 
seems temporary effect, since the basal metabolic rate comes back 

Meyer, Leonard, Hisaw and Martin (8) suggest that the influence 
oestrin the ovaries immature animals due its action the hy- 
pophysis. Himwich and Haynes (9) have found subcutaneous injec- 
tions pitressin, the pressor substance pituitrin, that the metabolic 
rate diminished while injections pitocin, the principle, in- 
creases the oxygen consumption slightly. 

find rise the respiratory quotient most instances, accompany- 
ing the fall metabolism following the injections amniotin. These 
results were similar those found Himwich and Fazikas (10) upon the 
injection pitressin. Our results suggest effect coming from the hy- 
pophysis, possibly increased amount pitressin depression any 
hormones antagonistic pitressin which would allow this fraction the 
hypophysis influence heat production much greater extent. 
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With the definite results obtained this investigation, are the 
opinion that rise metabolism found other investigators was due 
increased activity and not change the basal rate. 


SUMMARY 


Experiments were run show the effect amniotin the basal metab- 
olism rats and rabbits. 

were able lower the basal rate rabbits per cent 
with amniotin, that had been high thyroid diet. 

The basal rate was lowered much per cent 
tomized rats and per cent intact animals. 

The results obtained would indicate indirect direct relation the 
ovarian and thyroid function, possibly way the hypophysis. 
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CARBOHYDRATE METABOLISM THE HEART DURING 
VENTRICULAR FIBRILLATION 


From the Department Physiological Hygiene the Johns Hopkins University 


Received for publication April 29, 1933 


the heart ventricular fibrillation has not been 
reported and seemed worth while investigate the hope that 
might contribute some lead understanding the condition. 
here present the results study the carbon dioxide output and dex- 
trose consumption. 

The dog heart particularly well adapted the purpose because can 
readily thrown into ventricular fibrillation weak electrical stimu- 
lus and normal beat equally readily recovered coronary perfusion 
small amount strong potassium chloride (1). 

The arrangement used was that Locke and Rosenheim for the rabbit 
heart (2), limited amount Locke solution was recirculated through 
the heart closed system. The modifications introduced meet our 
needs were: use two oxygen pumps care for the larger outflow from 
the dog heart; collection samples for sugar analysis just below the 
heart chamber; provision vent which could opened from time 
time equalize the pressure the heart chamber, and introduction 
electrodes through the chamber roof with which the ventricles could 
fibrillated. 

Locke and Rosenheim knew the volume solution with which they 
began and the end experiment diluted the residuum equal 
volume before they analysed for sugar. could not this first, because 
wished draw off samples from time time; second, because the 
frothing and incidental wastage solution, and third, because recovered 
our hearts the use strong which did not wish add the 
perfusate, thus requiring further large wastage. 

were therefore impelled estimate the volume solution which was 
recirculating specified times experiment. consequence this 
necessity and because the breaks which introduced the collection 
CO, our figures are approximate values both for sugar and carbon dioxide. 
The results obtained were, however, general agreement with those re- 
ported other observers and sufficiently concordant the different ex- 
periments justify conclusions from them. These are that the carbohy- 
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drate metabolism the heart pitched much higher level during 
ventricular fibrillation than under normal conditions. 

The sugar content the perfusate was determined 
method (3), the carbon dioxide formed was determined noting the in- 
crease weight the soda-lime and phosphorus pentoxide tubes through 
which the gas supplied the oxygen pumps was allowed escape, after 
passing through three phosphorus pentoxide tubes insure complete 
dryness (4). 

brief, the experimental procedure was follows. After the heart 
was isolated and washed free blood recirculation was continued for 
about fifteen minutes, the carbon dioxide picked from the heart and the 
oxygen used the lift-pumps being allowed escape until was assumed 
that dioxide equilibrium was established the closed system and 
steady rate beat obtained. 

The following protocol supplies specific example the procedure and 
gives the data obtained one experiment. 


2 


Protocol experiment, January 17, 1933 


11:01 Heart recirculation closed system. 

Heart rate 80, 84, 88, 92, 92. 

Bath 36.5°C. 

First sample taken. Began circulation through soda-lime. 

Heart rate 72, 76, 76. 

Bath 

Second sample taken. Weighed soda-lime. 

Third sample taken. Ventricles thrown into fibrillation. 

:50 Began circulation through soda-lime. 

rate 76, 68, 68. 

Bath 37.3°C. 

:19 Fourth sample taken. Drew off cc. solution. 

:20 Weighed soda-lime. 

:22 Fifth sample taken. Began circulation through soda-lime. 

:25| Auricular rate 64, 64, 64. 

Bath 37.4°C. 

:52 Weighed soda-lime. Sixth sample taken. 

:53 per cent KCl recover normal ventricular activity. Wasted 180 cc. 

solution. 

:54 Recirculation begun. 

:58 Seventh sample taken. Began circulation through soda-lime. 

Heart rate 72, 76, 72, 76. 
Bath 37.5°C. 

:28 Weighed soda-lime. Eighth sample taken. Experiment terminated. Vol- 

ume solution apparatus, 310 cc. Heart weight 60.2 grams. 
Data used estimation dextrose consumption foregoing 


These figures were derived follows. the end the experiment 310 cc. 
perfusate remained the apparatus. Analysis showed sample this contain 
70.15 mgm. per cent dextrose and therefore the perfusate the end the last period 
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mgm. per cent mgm. mgm. 

651 91.20 593.71 34.66 

636 88.00 559.68 34.03 

535 81.00 433.35 76.18 

310 70.15 217.47 23.03 


The factual results obtained this experiment are follows: 


First control pe- 

riod............ 34.66 mgm. dextrose consumed, 33.10 mgm. CO, formed 

period......... 50.15 mgm. dextrose consumed, 54.90 mgm. CO, formed 
Second 

tion period..... 36.85 mgm. dextrose consumed, 45.90 mgm. CO, formed 
Second control 


23.03 mgm. dextrose consumed, 32.40 mgm. CO, formed 


TABLE 
Carbon output and dextrose consumption the perfused isolated dog heart, 
expressed milligrams per hour and per gram heat muscle, before, during 
and after period ventricular fibrillation 


| 


FIRST CONTROL FIBRILLATION SECOND CONTROL 


HEART WEIGHT 


CO: 


Dextrose Dextrose Dextrose 


CO: CO: 


1.091 670 1.445 0.765 
1.859 2.511 2.372 1.208 1.448 


1.172 


Table gives the summary values obtained three typical experiments. 
The values are expressed milligrams per hour per gram heart muscle 
make the results comparable. the first two experiments the per- 
fusate was made contain 0.1 per cent dextrose; the third was 
made contain 0.2 per cent. There consistent uniformity the 


contained 217.47 mgm. dextrose. The next preceding sample, drawn the begin- 
ning the last period, was cc. that the perfusate circulation was The 
analysis the sample gave 74.0 mgm. per cent dextrose and 240.50 mgm. dextrose 
the circulating perfusate. The difference between 240.50 and 217.47, 23.03 mgm., 
represented the amount dextrose consumed the heart the period. The same 
procedure was followed for each the other periods with the results shown. 
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figures presented. This might expected considering the necessary 
approximations adopted the experimental procedure. But one fact 
stands out clearly. There conspicuous increase the carbon dioxide 
output and dextrose consumption the fibrillation period compared with 
either the preceding following control period. may also noted 
that where the dextrose content the perfusate increased (third experi- 
ment), the metabolic activity the heart likewise increased. 

six additional experiments, which the carbon dioxide output only 
was determined, the average values, expressed milligrams per hour per 
gram heart muscle, were: first control period 1.15, fibrillation period 
1.77 and second control period 1.02. 


SUMMARY 


Sufficient data are presented the foregoing paragraphs make 
apparent that the carbohydrate metabolism the dog heart ventricu- 
lar fibrillation materially increased above normal. This must mean 
that the individual muscle fibres, the components syneytium may 
considered, are state activity greater part the time during 
period fibrillation than when their behavior produce 
normal heart beat. 
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